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TRANSACTIONS 

OF 

THE  AMERICAN  SOCIETY  OF    HEATING 
AND  VENTILATING  ENGINEERS 


No.  427 
PROCEEDINGS 

OF  THE 
TWENTY-THIRD  ANNUAL  MEETING 

THE  Twenty-third  Annual  Meeting  of  The  American  Society 
OF  Heating  and  Ventilating  Engineers,  which  was  held  in 
New  York,  N.  Y.,  in  the  United  Engineering  Society  Building  on 
January  16,  17  and  18,  1917,  was  the  largest  attended  and  also  one 
of  the  most  successful  meetings  in  the  history  of  the  Society.  The 
Meeting  was  a  pronounced  success  professionally  and  it  was  marked 
by  entertainment  and  excursion  features  that  were  most  pleasing  and 
enjoyable.  The  program  of  professional  papers  was  unusually 
complete  and  embraced  two  topical  sessions,  one  on  the  subject  of 
Drying  and  the  other  on  Central  Station  Heating  subjects.  The 
visiting  members  were  treated  to  the  novelty  of  meeting  in  the  main 
auditorium  of  the  Engineering  Society  Building  instead  of  on  the 
fifth  floor  as  in  the  past,  a  conflict  in  meeting  dates  with  another 
society  having  resulted  in  an  invitation  for  the  Society  to  hold  its 
sessions  in  the  auditorium.  The  entertainment  features  of  the  Meet- 
ing were  notable  for  their  completeness  and  the  thoroughly  organized 
plan  under  which  they  were  carried  out,  for  which  credit  is  distinctly 
due  to  the  Committee  of  New  York  Chapter  to  whom  this  re- 
sponsibility was  entrusted. 

FIRST   SESSION TUESDAY    P.    M.,   JAN.    16,    1917 

The  meeting  was  called  to  order  at  2  P.M.,  by  President  Harry 
M.  Hart,  who  announced  a  quorum  and  then  offered  an  explanation 
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of  the  conditions  that  led  to  the  invitation  for  the  Society  to  meet 
in  the  main  auditorium  instead  of  in  the  smaller  fifth  floor  room  as 
has  formerly  been, customary.  He  expressed  in  well-chosen  words 
the  appreciation  that  was  felt  by  the  Council  of  this  exceptional 
opportunity,  and  the  hope  that  the  members  would  "spread  out" 
and  fill  the  larger  room. 

As  first  in  the  order  of  business,  the  appointment  of  the  Tellers 
of  Annual  Election  was  announced  and  the  President  appointed 
Frederick  K.  Davis,  James  E.  Degan  and  Frank  Van  Inwagen  as 
tellers.  As  Mr.  Davis  had  previously  served  in  this  capacity  a  num- 
ber of  times  he  was  made  chairman  and  was  requested  to  instruct  the 
others  in  their  duties  as  Tellers.  The  President  then  announced 
the  reports  of  the  officers  and  for  the  presidential  address,  he  spoke 
as  follows : 

THE  PRESIDENT'S  ADDRESS 

I  wish  to  make  a  few  remarks  concerning  two  points  that  we,  as 
a  Society,  should  constantly  keep  in  mind,  namely :  Co-operation 
and  Standardization. 

Co-operation.  Never  in  the  history  of  the  Society  has  there  been 
tuch  a  variety  of  new  problems  confronting  the  heating  and  ven- 
tilating engineers,  and  at  the  same  time  many  of  the  old  problems 
still  remain  apparently  unsolved. 

The  abnormal  conditions  in  the  industrial  world  during  the  past 
two  years  have  created  a  constantly  increasing  demand  for  suitable 
equipment  to  meet  new  requirements  in  heating  and  air  condition- 
ing. The  increase  in  membership  of  our  Society  during  the  past  year 
can,  I  think,  be  partly  attributed  to  a  feeling  of  the  need  of  a 
closer  co-operation  among  engineers  in  order  to  be  better  able  to 
meet  the  new  demands  that  the  present  conditions  are  creating. 

In  response  to  this  demand,  our  Council  has  wisely  concluded  to 
devote  as  much  time  as  possible  during  this  meeting  to  the  reading 
and  discussion  of  papers  on  unusual  installations  of  heating  and 
air  conditioning  systems  applicable  to  manufacturing  purposes.  A 
seeming  reluctance  by  some  of  our  members  to  present  papers  of  this 
charctcr  would  indicate  a  lack  of  accurate  data  or  a  mistaken  idea 
that  the  giving  out  of  such  data  would  result  in  the  loss  of  some  ad- 
vantage, presumably  over  competitors. 

I  t'/ink  we  might  well  ask  each  applicant  for  membership  in  this 
Society  this  pertinent  question:  "Why  do  you  wish  to  become  a 
member  of  this  Society?"  I  think  that  we  might  well  ask  ourselves 
why  we  belong.     What   would   the  answer  be?     Do   we   join   the 
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Society  just  to  get  what  we  can  out  of  it,  or  do  we  join  it  because 
we  believe  in  it  as  a  principle  and  wish  to  do  our  part  in  developing 
it  to  the  highest  standard  and  thereby  share  in  the  ultimate  benefit 
that  will  come  to  all?  Close  and  unrestrained  co-operation  on  the 
part  of  every  member  is  the  only  thing  that  will  produce  the  desired 
result. 

This  subtle  reticence  that  seems  to  grip  so  many  of  our  members 
has  been  one  of  the  greatest  drawbacks  to  the  advancement  of  the 
science  of  heating  and  ventilation  and  the  sooner  we  realize  the  sig- 
nificance of  the  parable  of  the  "bread  cast  upon  the  waters"  and 
apply  it  to  ourselves,  the  sooner  will  we  be  rewarded  with  that  which 
we  seemingly  lack. 

It  is  a  well  known  fact  that  a  great  many  patents  have  been  issued 
for  devices  which  would  be  worth  millions  of  dollars  to  the  public, 
but  which,  for  the  selfish  interests  of  a  few  individuals,  have  never 
been  allowed  to  come  on  the  market.  I  am  not  an  anarchist,  but  I 
hope  to  see  the  day  when  suitable  laws  will  be  enacted  to  at  least 
prevent  this  vicious  practice. 

It  has  long  ago  been  proven  that  competition  is  the  life  of  trade — 
so  let  us,  as  members  of  this  Society,  adopt  a  more  liberal  attitude 
and,  instead  of  trying  to  throttle  our  competitor  by  keeping  from 
him  the  knowledge  we  have  gained,  let  us  rather  give  out  what  good 
we  can  and  thereby  bring  him  up  to  as  high  a  standard  as  possible 
and  so  make  a  better  competitor  out  of  him.  Let  us  also  give 
him  credit  for  knowing  a  few  things  himself. 

I  desire  to  call  your  attention  to  what  co-operation  has  done  in 
the  city  of  Pittsburgh  in  the  short  space  of  two  years  toward  the 
elimination  of  smoke.  The  government  reports  show  that  the  dense 
smoke  emitted  from  stacks  in  that  city  has  been  reduced  by  50  per 
cent,  during  that  time,  while  the  consumption  of  coal  has  increased 
nearly  300  per  cent.,  and  this  has  been  accomplished  without  one 
prosecution. 

This  shows  what  could  be  done  in  the  enforcement  of  mechanical 
ventilation  laws  if  we  would  secure  the  co-operation  of  the  public. 

Standardisation.  Another  great  drawback  with  which  the  heat'ing 
and  ventilating  engineer  is  constantly  coming  in  contact,  is  the  lack 
of  standards.  Considerable  has  already  been  said  on  this  subject 
but  very  little  progress  seems  to  have  been  made.  In  fact,  it  seems 
to  be  as  though  we  were  way  behind  other  lines  of  science  or 
industry  in  this  regard. 

It  is  gratifying  to  note,  however,  the  increasing  activity  along 
this  line.     It  may  be  of  interest  to  many  to  know  that  the  Chicago 
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Master  Steam  Fitters  Association  has  recently  adopted  a  set  of 
standards  for  the  design  and  installation  of  steam  heating  systems 
for  apartment  buildings  and  residences,  which  all  of  its  members 
have  voluntarily  agreed  to  adopt. 

Any  of  you  who  are  familiar  with  the  abuses  practiced  by  the 
speculative  builders,  will  be  able  to  at  once  see  the  benefit  that  the 
general  public  will  derive  from  this  action.  For  many  years  it  has 
been  the  practice  of  these  builders  to  install  the  heating  in  the  cheap- 
est possible  manner,  with  the  intention  of  selling  the  building  as  soon 
as  it  was  completed.  They  have  absolutely  refused  to  pay  for  first- 
class  installations  of  heating  plants  and  would  willingly  waive  all 
guarantees  in  order  to  get  the  price  down,  well  knowing  that  the  new 
owner  of  the  building  will  have  to  "hold  the  bag."  All  they  de- 
manded in  the  way  of  a  heating  system  was  a  boiler  in  the  base- 
ment, a  radiator  in  each  room  and  as  few  pipes  as  possible,  installed 
in  the  cheapest  possible  manner. 

This  condition  resulted  in  many  very  faulty  installations  even  by 
contractors  who  were  competent  to  do  first-class  work.  They,  of 
course,  were  somewhat  to  blame  for  accepting  such  contracts,  but 
they  well  knew  that  if  they  refused  to  make  such  installations  the 
builders  would  get  some  one  who  would.  I  believe  that  I  would  not 
be  exaggerating  if  I  were  to  say  that  not  over  10  per  cent  of  the 
apartment  buildings  in  Chicago  can  be  heated  to  70  deg.  when  the 
outside  temperature  is  — 10  deg.  fahr.,  although  that  is  the  usual 
guarantee  in  that  city.  The  adoption  of  these  standards  will  put  an 
end  to  not  only  the  unscrupulous  builders,  but  the  unscrupulous  heat- 
ing contractors  as  well. 

The  pipe  sizes  for  hot  water  heating  presented  to  this  Society  in 
1915  by  a  Committee  appointed  for  that  purpose,  will  undoubtedly 
be  adopted  as  a  standard  by  the  Chicago  Master  Steam  Fitters  as  a 
next  step,  and  further  steps  along  this  line  will  be  taken  as  soon  as 
acceptable  standards  can  be  obtained. 

Professor  Allen  has  undertaken  the  almost  endless  task  of  estab- 
hshing  standards  for  calculating  heat  losses  through  building  ma- 
terials, and  our  session  held  at  the  University  of  Michigan  at  the  last 
summer  Meeting,  during  which  his  interesting  paper  on  this  subject 
was  read  and  discussed,  will  long  be  remembered  by  all  those  who 
attended. 

Dr.  E.  V.  Hill  of  the  Chicago  Health  Department  has  done  some 
very  good  work  toward  establishing  a  standard  of  air  conditions 
which  he  has  incorporated  in  a  very  simple  chart.  We  hope  to  have 
a  paper  from  him  on  this  subject  soon,  which  I  am  sure  would  be 
very  interesting  and  instructive. 
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The  Chicago  Commission  on  Ventilation,  on  which  this  Society 
has  representation  by  three  members,  has  recently  secured  an 
appropriation  which  will  enable  it  to  carry  on  much  needed  experi- 
mental work  for  the  establishing  of  standards  for  air  conditions. 
The  Committee  on  Standards  for  Air  Washers  appointed  by  this 
Society  two  years  ago,  has  been  working  steadily  ever  since  to 
establish  a  suitable  standard  method  of  testing  air  washers. 

In  conclusion,  I  wish  to  say  that  I  believe  every  member  of  this 
Society  should  take  upon  himself  the  responsibility  of  making  it  an 
active,  prosperous  and  growing  body.  He  should  do  all  in  his  power 
to  promote  the  spirit  of  co-operation  and  good  feeling  among  its 
members. 

President  Hart  :  We  will  now  hear  the  report  of  the  Council, 
which  will  be  read  by  the  Secretary. 

REPORT  OF  COUNCIL 

FOR  THE  YEAR  1916 

In  accordance  with  the  requirements  of  the  constitution,  the  new 
Council  for  1916  met  on  January  20th  and  organized,  the  president- 
elect taking  the  chair.  The  standing  committees  of  the  Council 
appointed  W'ere  as  follows  : — 

Executive  Committee — Frank  T.  Chapman,  Chairman,  Homer 
Addams,  Henry  C.  Meyer,  Jr. 

Finance  Committee — Dwight  D.  Kimball,  Chairman,  Walter  S. 
Timmis,  Milton  W.  Franklin. 

Membership  Committee — Frank  I.  Cooper,  Chairman,  Walter 
S.  Timmis,  Charles  R.  Bishop. 

Publication  Committee — Arthur  K.  Ohmes,  Chairman,  E. 
Vernon  Hill,  Fred  R.  Still. 

The  Council  has  held  eleven  meetings  during  the  year  and  has 
discharged  its  duties  to  the  best  of  its  ability  in  the  interests  of  the 
Society.  The  Council  takes  pleasure  in  reporting  to  the  membership 
a  material  growth  in  the  Society's  activities,  membership  and  respon- 
sibility as  an  engineering  organization.  The  activities  of  the  Society 
for  the  past  year  are,  however,  largely  covered  in  other  reports,  so 
it  is  unnecessary  to  enlarge  upon  them  in  this  report. 

The  past  year  has  been  the  occasion  of  two  of  the  most  successful 
meetings  in  the  Society's  history  and  likewise  the  interest  displayed 
in  the  Chapter  meetings  is  everywhere  reported  to  be  at  a  maximum. 
The  22nd  Annual  Meeting  was  held  in  New  York  City,  Jan.  18-20, 
1916,  and  the  Semi-Annual  Meeting  was  held  in  Detroit,  July  19-21, 
1916.    Both  conventions  were  notable  for  valuable  professional  pro- 
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grams,  large  attendance  and  interest  shown  by  our  membership. 
The  proceedings  of  both  conventions  have  been  fully  reported  in  the 
Journal,  but  the  Council,  acting  for  the  Society,  wishes  to  make 
special  acknowledgment  with  many  thanks  for  the  excellent  work 
done  by  the  New  York  Chapter  in  providing  entertainment  features 
and  contributing  in  many  other  ways  to  the  success  of  the  Annual 
Meeting  in  New  York,  and  likewise  the  Michigan  Chapter  in  case 
of  the  Semi-Annual  Meeting  in  Detroit. 

With  a  view  to  securing  closer  co-operation  between  the  Chapters, 
the  Secretary  was  authorized  to  visit  the  various  Chapters,  which 
was  carried  out,  and  the  Chapters  were  enthusiastic  over  the  results 
as  shown  in  the  Secretary's  report.  The  three  new  Chapters,  Michi- 
gan, Ohio  and  Eastern  Pennsylvania,  have  adopted  their  constitu- 
tions and  by-laws  during  the  year  and  are  now  well  organized  and 
doing  splendid  work.  The  three  older  Chapters,  Illinois,  New  York 
and  Massachusetts,  are  doing  progressive  work  as  their  reports  will 
show. 

The  Chapter  activities  are  in  a  large  measure  responsible  for  the 
rapid  progress  the  Society  is  making.  The  activity  among  the  local 
Chapters  may  be  chronicled  as  the  inauguration  of  a  new  era  in  the 
development  of  the  Society.  The  influence  of  this  movement  has 
been  to  increase  interest  among  our  members  in  many  parts  of  the 
country  and  its  effect  has  been  felt  in  a  number  of  centers  where  the 
organization  of  Chapters  has  recently  been  considered. 

A  movement  looking  toward  the  organization  of  a  new  Chapter 
has  been  consummated  in  Kansas  City  and  an  application  for  a 
charter  has  been  approved  by  the  Council  and  will  be  presented  at 
this  meeting  for  action  of  the  Society. 

The  Council  wishes  to  make  special  mention  of  the  gratifying 
activities  shown  by  the  Michigan  Chapter,  which  have  been  an 
added  inspiration  for  the  whole  Society. 

An  important  change  was  made  in  the  office  of  Secretary.  Mr.  J. 
J.  Blackmore,  who  has  served  so  ably,  decided  in  February  that  his 
best  interests  took  him  again  into  the  commercial  life  and  the  Society 
was  most  fortunate  in  securing  for  the  position  of  Secretary,  Mr. 
C.  W.  Obert,  whose  services  have  proved  most  satisfactory  in  every 
way  to  the  Council  and  membership. 

In  all,  165  new  applications  for  membership  have  been  received 
during  the  year.  Of  these,  125  are  already  elected  and  the  remaining 
40  have  been  approved  by  the  Membership  Committee  and  ordered 
published  in  the  January  Journal  by  the  Council. 
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The  finances  of  the  Society  are  in  a  healthy  condition  as  shown  by 
the  Treasurers'  and  Secretaries'  reports.  The  total  assets  as  of 
Jan.  2nd,  1917,  amount  to  $13,526.26  and  the  surplus  for  the  year 
is  as  follows : 

Total  receipts  for  the  year $9,512.79 

Total  expenditures  for  the  year 8,136.97 

Surplus  for  the  year  1916 $1,375.82 

The  Council  calls  special  attention  to  the  fact  that  our  rapid 
growth  requires  a  good  surplus  for  use  as  working  capital.  Our 
present  surplus  should  be  increased  a  reasonable  amount  each  year. 
We  should  soon  reach  a  position  where  an  amount  at  least  equal  to 
all  initiation  fees  shall  go  to  surplus. 

The  changes  in  the  Constitution  comprising  the  change  in  Art.  IV, 
in  method  of  electing  members;  in  Art.  VII  for  the  nominating 
committee  to  be  appointed  by  the  Council  instead  of  being  elected  at 
Annual  Meeting;  and  inserting  statement  in  Art.  V  that  $4  of  the 
amount  paid  for  dues  be  considered  as  subscription  to  the  Journal 
to  comply  with  the  law,  were,  as  voted  upon  at  the  Annual  Meeting 
in  January,  1916,  submitted  to  the  members  for  ballot  in  February. 
As  a  result  of  this  ballot,  all  changes  proposed  were  carried  into 
effect  by  a  large  majority  vote  and  appear  in  the  1916  Year  Book. 

During  the  past  year  the  Society  has  been  represented  by  invita- 
tion at  the  following  conventions :  National  Fire  Protection  Asso- 
ciation;  American  Society  of  Mechanical  Engineers;  National  Dis- 
trict Heating  Association  ;  National  Warm  Air  Heating  and  Ven- 
tilating Association,  and  the  Conference  on  Engineering  Co-opera- 
tion. 

Our  interest  and  co-operation  has  been  solicited  by  the  New  York 
State  Commission  on  Ventilation,  the  Chicago  Ventilation  Com- 
mission, the  Department  of  Health,  and  the  Building  Department  of 
New  York  City. 

An  invitation  was  received  from  the  Director  of  the  Bureau  of 
Mines,  Washington,  D.  C,  to  hold  our  Semi-Annual  Meeting  in 
Pittsburgh  in  September  1917,  and  attend  the  Dedication  of  the  Fuel 
Testing  Laboratories  of  the  Bureau  of  Mines.  The  invitation  was 
accepted  only  to  the  extent  of  appointing  a  Committee  from  the 
membership  to  attend  the  dedication  services,  in  view  of  already 
existing  decided  sentiment  for  holding  the  coming  Summer  Meeting 
in  Chicago  and  the  fact  also  that  September  is  considered  late  for 
the  meeting. 
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An  invitation  was  received  to  affiliate  with  the  American  Asso- 
ciation for  the  Advancement  of  Science ;  but  it  was  decided  not  to 
take  action  at  this  time.  , 

The  Council  is  favorably  inclined  toward  having  the  Society  take 
some  part  in  the  Co-operative  Engineering  movement  reported  at 
the  last  Semi-Annual  Meeting,  but  is  awaiting  further  information 
from  this  Committee  before  taking  any  action. 

Representatives  were  appointed  to  confer  at  the  Joint  Conference 
on  the  Metric  System,  proposed  by  the  American  Institute  of  Elec- 
trical Engineers,  upon  the  advisibility  of  adopting  the  Metric  System 
as  a  working  standard  in  engineering. 

The  Journal  has  been  changed  somewhat  in  typographical  form 
to  conform  to  the  standards  established  by  the  various  technical- 
society  publications  and  the  efifort  has  been  made  to  amplify  the 
scope  of  the  publication  and  to  materially  develop  its  usefulness. 
The  Publication  Committee  and  the  Secretary  are  to  be  highly  com- 
mended for  the  high-class  results  obtained,  and  all  members  of  the 
Society  should  co-operate  in  every  way  possible  with  the  Publication 
Committee  in  assisting  them  in  making  the  Journal  a  success. 

The  annual  volume  of  the  Transactions  (Volume  XXII)  has  been 
edited  and  corrected  and  is  now  on  the  press.  The  complete  copies 
will  be  delivered  to  the  members  about  the  first  of  February.  The 
size  of  the  volume  is  almost  identical  with  that  of  Volume  XXI ;  it 
totals  585  pages,  as  against  592  in  Volume  XXI.  The  volume  is, 
however,  printed  on  a  lighter  weight  of  paper  and  will  bulk  some- 
what less,  besides  reducing  the  cost. 

The  report  of  the  Committee  on  Minimum  Ventilation  Require- 
ments for  Public  and  Semi-Public  Buildings,  for  Legislative  Pur- 
poses, was  published  in  pamphlet  form  early  in  the  year  and  has 
been  widely  used.  There  has  been  agitation  in  a  number  of  Western 
States  looking  toward  the  adoption  of  compulsory  ventilation  laws, 
and  in  all  of  such  cases  copies  of  the  report  have  been  furnished. 
The  Council  commends  the  action  that  has  been  taken  by  a  number  of 
members  in  bringing  the  report  to  the  attention  of  legislative  au- 
thorities in  different  States. 

The  Year  Book  was  not  published  until  April,  in  order  to  incor- 
porate therein  the  changes  in  the  Constitution  voted  on  by  letter 
ballot  and  accepted  by  the  Council  on  March  29,  1916,  relative  to 
the  new  method  of  voting  on  applications  for  membership,  etc. 

Early  in  the  year  a  definite  ruling  was  established  that  "No  papers 
for  Transactions  shall  be  released  to  the  Trade  Press  until  after 
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they  have  been  pubHshed  in  the  Society  Journal  and  presented  at  a 
Society  meeting  for  discussion." 

A  subject  of  considerable  recent  discussion  has  been  that  of 
Chapter  representation  in  the  Council  and  this  matter  is  to  be 
brought  before  the  membership  at  the  first  meeting  for  their  dis- 
cussion and  such  action  as  they  may  determine. 

The  Society  headquarters  have  been  continued  in  the  United 
Engineering  Society  Building  at  29  West  39th  Street,  New  York 
City.  The  present  office  is  too  small  for  the  Society  needs  and 
negotiations  are  under  way  to  secure  a  larger  room.  A  larger 
store  room,  being  necessary  to  accommodate  the  Society  belongings, 
was  rented  on  the  6th  floor  of  the  Engineering  Building  for  $96.00 
per  year. 

There  is  considerable  sentiment  in  the  Society  for  a  Society 
Emblem  of  an  entirely  different  design  and  smaller  than  the  present 
pin.  New  designs  have  been  submitted,  but  so  far  no  definite  action 
has  been  taken  by  the  council. 

The  excellent  work  of  Standing  and  other  Committees  and  the 
co-operation  of  the  membership  during  the  year  is  hereby  acknowl- 
edged. 

Respectfully  submitted, 

THE  COUNCIL, 

Frank  T.  Chapman,  Chairman. 

President  Hart  :  H  there  are  no  remarks  or  corrections  the 
Report  of  the  Council  will  be  received  and  placed  on  file. 

The  next  Report  to  be  received  is  that  of  the  Secretary : 

REPORT  OF  THE  SECRETARY 

FOR  THE  YEAR  1916 

Your  secretary  in  presenting  a  report  for  1916  takes  pleasure  in 
chronicling  a  year  of  great  activity  in  the  headquarters  office,  one 
in  which  has  been  exhibited  commendable  co-operation  between  the 
office  and  the  membership,  as  well  as  between  the  Society  and 
the  other  national  engineering  organizations.  It  is  gratifying  to  be 
able  to  point  out  that,  in  this  era  of  development  of  the  engineering 
profession  and  of  the  social  advancement  of  the  engineer,  the  Society 
is  taking  an  active  part  in  the  world's  work  and  that  it  stands 
shoulder  to  shoulder  with  the  other  leading  national  organizations  in 
progress  in  the  engineering  field.  In  addition  to  "promotion  of  the 
arts  and  sciences  connected  with  heating  and  ventilation,"  in  accord- 
ance with  the  constitutional  stipulation,  it  is  pleasing  to  report  that 
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unusual  opportunities   have  been  afforded    for   rendering,  genuine 
service  not  only  to  the  members,  but  also  to  the  community  at  large. 

The  remarkable  development  in  the  heating  and  ventilating  field 
during  the  past  few  years  has  been  the  incentive  for  the  corre- 
spondingly rapid  growth  of  the  Society,  its  greater  strength  locally, 
as  attested  by  Chapter  development,  and  the  general  increase  in 
its  activities.  The  many  problems  that  have  been  brought  before 
the  Society  of  late  are  indicative  of  the  opportunity  in  this  field 
and  in  order  to  live  up  to  this  opportunity,  there  is  great  work 
in  store  for  not  only  the  officers  but  the  membership  at  large,  and 
your  secretary  desires  to  emphasize  the  fact  that  the  successful 
attainments  of  the  past  year  or  two  must  not  be  allowed  to  divert 
our  attention  from  the  many  important  problems  that  are  ahead  of 
us.  It  is  a  satisfaction,  however,  to  testify  to  the  willingness  ex- 
hibited by  both  the  officers  and  the  mernbership  to  lend  every  pos- 
sible aid  in  this  work  wherever  the  opportunity  has  offered.  In  fact, 
the  success  of  the  Society's  efforts  during  the  past  few  years,  par- 
ticularly with  respect  to  the  securing  of  noteworthy  technical  papers, 
is  indicative  of  this  co-operative  spirit.  Within  the  past  two  or 
three  years  some  of  the  most  interesting  and  important  papers  in 
the  Society's  history  have  been  placed  on  record,  for  which  great 
credit  redounds  to  the  efforts  of  the  membership  in  the  Society 
work. 

In  order  to  give  an  adequate  idea  of  the  service  rendered  by  the 
secretary's  office  during  the  past  year  the  work  of  the  headquarters 
will  be  classified  in  four  divisions,  viz. :  secretarial,  editorial,  com- 
mercial, and  developmental. 

Under  the  secretarial  classification  may  be  included  the  general 
work  of  correspondence,  such  as  replies  to  inquiries  from  the  mem- 
bers on  both  specific  and  general  technical  topics,  to  inquiries  con- 
cerning the  meetings,  the  publications,  etc.,  communications  relative 
to  changes  of  address  of  members,  and  general  communications 
looking  toward  the  development  of  the  Society's  field  in  the  different 
localities.  Here  may  be  mentioned  a  class  of  service  that  is  perhaps 
too  little  appreciated  by  the  membership  at  large,  but  which  is  avail- 
able to  all  members  and  is  being  taken  advantage  of — that  is  the 
privilege  open  to  members  of  making  requests  for  information,  either 
of  general  character  or  for  specific  technical  data.  The  number  of 
such  requests  replied  to  during  the  past  year  has  totaled  several  hun- 
dred and  it  is  hoped  that  the  service  thus  rendered  has  proven  of 
value.     Special  efforts  have  been  made  to  render  this  service  both 
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comprehensively  and  completely,  and  as  a  means  to  this  end  a  library 
service  has  been  developed  and  an  Index  to  the  Transactions  prepared. 
Another  of  the  important  secretarial  duties  is  that  pertaining  to 
the  records  of  the  Council  meetings,  which  are  usually  held  monthly. 
AH  matters  of  sufficient  importance  to  warrant  bringing  to  the  atten- 
tion of  the  Council  are  tabulated  and  reported  upon  to  the  Council 
members  in  advance  of  the  meetings,  and  during  the  meetings 
minutes  are  taken  of  the  deliberations  of  the  Council  members  and 
of  their  resolutions  and  orders.  This  work  of  the  governing  body 
of  the  Society  constitutes  one  of  the  most  important  features  of 
the  secretary's  work.  Only  matters  of  considerable  importance  are 
brought  to  the  attention  of  the  Council  and  the  subjects  are  prepared 
with  great  care  to  place  them  in  such  comprehensive  and  lucid  form 
as  to  give  the  members  the  best  opportunity  for  careful  deliberation 
upon  their  merits,  and  similarly  the  greatest  care  and  speed  are 
taken  in  carrying  out  the  Council's  orders.  Both  the  preparation  of 
the  minutes  of  record  of  the  Council  meetings  and  the  carrying  out 
of  the  Council's  instructions  have  involved  a  large  amount  of  work 
during  the  past  year  on  account  of  the  many  important  matters 
that  have  come  before  the  Council. 

Under  the  secretarial  classification  there  has  been  undertaken  by 
the  secretary  a  com.plete  systemization  of  the  headquarters  office  and 
the  establishment  of  an  office  routine  which  is  so  necessary  to  an 
organization  of  this  size — with  a  membership  approaching  800.  Card 
index  lists  of  the  membership  and  an  addressograph  system  of  mail- 
ing have  been  installed,  so  that  the  office  is  now  in  better  condition 
to  provide  for  the  certain  growth  of  the  coming  year,  than  ever 
before.  With  the  revised  system  of  bookkeeping  and  the  new  card 
index  list  of  the  members,  as  well  as  the  addressograph  records, 
the  office  now  contains  three  complete  and  independent  records  of 
the  membership,  each  of  which  may  be  used  as  a  check  upon  the 
others.  Attendant  upon  this  there  has  been  established  a  very  com- 
plete system  for  keeping  records  of  changes  of  address,  by  means  of 
which  no  change  upon  the  Society's  records  is  made  without  the 
proper  authority  showing,  and  the  correctness  of  all  such  changes  is 
subject  to  a  triple  checking. 

Under  the  editorial  classification  may  be  included  the  work  attend- 
ant upon  the  issuance  of  the  three  publications  of  the  Society,  the 
Transactions,  the  Journal,  and  the  Year  Book.  To  the  Journal, 
which  is  the  direct  and  more  important  means  of  communication 
with  the  members,  there  has  been  given  much  thought  and  study  in 
its  expansion  and  the  development  of  its  usefulness.     Considerable 
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Study  has  been  given  to  its  typographical  characteristics,  every  effort 
having  been  made  to  develop  it  into  the  form  and  style  now  so  gen- 
erally followed  by  technical  publications  in  this  country.  Not  only 
the  arrangement  of  editorial  matter  but  also  the  system  of  abbre- 
viations and  punctuation  have  been  established  to  correspond  with 
the  latest  practice  of  the  publications  of  the  leading  national 
engineering  organizations.  Also,  in  accordance  with  the  desires  of 
the  Publication  Committee,  the  greatest  possible  care  has  been  given 
to  the  proofreading  of  all  papers  and  editorial  matter. 

The  Transactions  for  1916  (Vol.  XXII)  which  is  now  on  the 
press  and  will  be  forwarded  to  the  membership  about  the  first  of 
February,  has  been  prepared  in  a  style  very  similar  to  that  of  pre- 
vious years,  the  arrangement  of  matter  in  the  volume  and  the  bind- 
ing corresponding  exactly  to  previous  practice.  Every  effort  has 
been  made,  however,  to  bring  the  illustrations  and  typographical 
appearance  up  to  the  highest  grade  which  will  be  in  keeping  with  its 
importance  as  an  engineering  publication.  It  is  the  secretary's 
opinion,  which  it  is  hoped  will  be  shared  by  the  membership,  that 
so  important  a  record  of  engineering  practice  as  the  annual  volume 
of  the  Transactions  should  be  given  a  most  dignified  and  pleasing 
setting,  and  it  is  believed  that  the  volume  will  not  be  excelled  in 
any  respect  by  that  of  any  other  engineering  society. 

The  publication  of  the  Year  Book  for  1916  was  delayed  until  the 
month  of  April  in  order  to  include  certain  changes  in  the  Constitu- 
tion relative  to  the  voting  for  candidates  for  membership  which 
were  passed  upon  by  the  members  and  by  the  Council  in  March. 
This  volume  also  follows  the  style  of  its  prior  publication,  except 
that  the  lists  of  past  officers  were  relegated  to  the  pages  at  the  rear 
and  the  division  of  the  membership  list  into  three  groups  according 
to  the  grade  of  membership  has  been  replaced  by  a  single  list  with 
parenthetical  notes  after  each  name  where  the  grade  of  membership 
is  Associate  or  Junior ;  this  eliminates  the  confusion  resulting  from 
looking  through  three  different  lists  as  formerly  to  locate  members. 
Also  it  should  be  noted  that  lists  of  the  committees  and  of  the 
officers  of  the  Chapters  have  been  added,  and  also  a  calendar  of  all 
the  Annual  and  Semi-Annual  Meetings  smce  the  organization  of  the 
Society,  giving  the  place,  date  and  class  of  meeting  and  also  the 
number  of.  members  present. 

Since  the  publication  of  the  Year  Book,  however,  it  has  de- 
veloped that  a  large  number  of  the  addresses  are  either  incorrect, 
incomplete  or  improperly  arranged.  It  has  been  shown  that  in  a 
large  number  of  cases  there  is  confusion  between  the  business  and 
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home  addresses,  which  renders  it  difficult  to  locate  or  reach  the 
members.  It  is  therefore  the  urgent  request  of  your  Secretary  that 
all  members  examine  their  copies  of  the  Year  Book  with  a  view  to 
advising  before  the  end  of  January  of  any  inaccuracies  that  should 
be  corrected.  Address  blanks  appear  in  the  advertising  pages  of 
both  the  October,  1916,  and  January,  1917,  issues  of  the  Journal  for 
the  convenience  of  the  members  in  forwarding  such  corrections. 

Finally,  in  regard  to  the  editorial  work,  it  should  be  said  that  the 
Publication  Committee  desires  the  hearty  co-operation  of  the  mem- 
bership in  the  matter  of  preparation  of  manuscripts.  In  order  to 
facilitate  the  work  of  preparation  of  the  papers  for  printing,  as  well 
as  also  to  reduce  the  cost  of  publication  to  a  minimum,  it  is  impor- 
tant that  care  be  taken  by  authors  to  present  their  subjects  as  con- 
cisely as  possible,  and  in  such  form  that  a  minimum  of  editorial  or 
revision  work  may  be  necessary  before  publication.  While  there  is 
ordinarily  no  restrictions  as  to  the  length  of  papers,  it  is  urgently 
requested  that  voluminous  research  records  be  abbreviated  to  the 
maximum  possible  extent  and  that  data,  where  necessary  to  be  pre- 
sented, be  added  ordinarily  in  the  form  of  an  appendix  which  will 
admit  of  economy  of  space.  For  further  information  concerning 
ways  and  means  of  assisting  the  Publication  Committee  in  these 
directions,  the  attention  of  the  members  is  called  to  the  statement 
entitled :  "Notice  to  Authors  and  Contributors,"  which  has  been 
published  in  the  July  and  October,  1916,  and  January,  1917,  issues 
of  the  Journal. 

The  commercial  duties  of  the  secretary's  office  are  varied  and  in- 
volve considerable  time  and  thought.  They  consist,  in  addition  to 
the  general  bookkeeping  of  the  secretary's  office,  of  multitudinous 
communications  with  the  members  relative  to  the  payment  of  the 
dues,  following  up  of  members  who  are  delinquent  in  payment  of 
their  dues  and  of  newly  elected  members  who  have  not  qualified,  the 
sale  of  the  publications,  and  of  the  general  handling  of  the  advertis- 
ing in  the  Journal  as  a  means  of  income.  The  latter  division  of  the 
publication  business  of  the  Society  requires  a  great  deal  of  effort 
in  order  that  nothing  but  suitable  and  presentable  advertisements 
shall  appear  and  that  the  dignified  tone  of  the  Journal  shall  be  main- 
tained. In  addition  efforts  are  continually  put  forth  to  increase  the 
amount  of  advertising  in  order  that  the  income  may  be  made  to  more 
nearly  offset  the  cost  of  publication.  It  is  the  hope  of  the  Publica- 
tion Committee  that  the  income  from  advertising  may  be  increased  to 
the  point  of  balancing  the  major  portion  of  the  cost  of  the  three  pub- 
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lications  of  the  Society  and  the  co-operation  of  the  members  in  this 
important  matter  is  urgently  requested. 

Some  improvements  in  the  bookkeeping  system  are  to  be  noted  in 
both  the  ledger  system  and  the  cash  book  entries  and  also  in  the 
methods  of  handling  accounts  between  the  Secretary's  office  and 
the  Treasurer.  Efforts  are  being  made  to  simplify  the  records  so 
that  they  are  more  easily  accessible  on  short  notice  and  to  eliminate 
the  possibility  of  duplication  either  of  entries  or  of  billing. 

Under  the  classification  of  developmental  work  comes  first  and 
of  the  greatest  importance,  the  Increase  of  Membership  work.  This 
work  has  been  developed  to  the  utmost,  and  with  the  commendable 
co-operation  of  both  the  Chapters  and  the*  membership  at  large,  the 
most  satisfactory  results  have  been  obtained  during  the  past  year. 
The  names  of  prospective  members  come  to  the  secretary's  office 
from  many  sources  and  these  names  are  tabulated  and  efforts  are 
made  under  a  reasonable  follow-up  system,  to  persistently  hold  be- 
fore the  prospective  candidates  the  advantages  of  membership  in  the 
Society. 

It  is  interesting  to  note  that  a  source  from  which  many  candi- 
dates for  membership  are  obtained  is  the  general  correspondence 
with  engineers  seeking  for  information  in  the  heating  and  ventilat- 
ing field.  In  many  cases  of  this  kind  where  it  has  been  found  pos- 
sible to  render  the  applicant  genuine  service,  the  engineer  has  made 
application  for  membership.  Another  source  from  which  results 
have  been  obtained,  is  the  recently  established  guests'  lists  in  the 
Chapters.  The  Chapters  are  now  following  the  practice  of  inviting 
to  their  meetings  engineers  who  are  interested  in  this  field  and  are 
prospective  members,  and  records  are  kept  as  a  "guests  list"  of  their 
attendance  and  interest  in  the  meetings.  Where  this  interest  de- 
velops sufficiently,  the  candidates  are  invited  to  make  application  for 
membership.  The  results  from  this  work,  which  total  1G5  applica- 
tions for  membership  favorably  acted  upon  in  1916,  stand  as  evi- 
dence of  the  possibilities  of  this  work. 

The  other  features  of  the  developmental  work,  in  addition  to  the 
improvements  in  the  publications,  consisted  of  the  expansion  of  the 
service  facilities  whereby  the  Secretary's  office  may  be  of  assistance 
to  the  members  with  the  least  possible  delay.  The  two  most  im- 
portant features  of  this  work  have  been  the  preparation  of  the  Index 
to  the  twenty-one  volumes  of  the  Transactions  and  the  recataloguing 
of  the  published  reprints  of  papers  that  are  kept  in  stock.  The  Index 
to  the  Transactions,  which  it  is  hoped  may  be  published  early  in 
1917,  renders  available  the  vast  store  house  of  engineering  data  in 
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these  volumes  and  will,  it  is  thought,  fill  a  long-felt  want.  The 
Index  is  divided  into  ten-year  sections,  two  for  the  first  20  volumes 
and  a  third  has  been  prepared  for  the  two  volumes  now  existing 
beyond  Vol.  XX  so  that  it  may  be  added  to  progressively  as  new 
volumes  are  issued.  The  subjects  in  the  volumes  are  cross  indexed 
and  expanded  very  completely  in  comparison  with  the  indexes 
appearing  in  many  of  the  individual  volumes  of  the  Transactions  and 
the  subjects  are  now  thought  to  be  far  more  accessible  than  they 
have  been  iri  the  past  with  only  meagre  lists  of  papers  to  refer  to, 
such  as  appeared  in  the  Year  Book. 

With  regard  to  the  reprints  of  past  papers  which  the  Society  has 
in  stock,  efforts  were  made  by  the  Secretary  early  in  1916  to  bring 
these  to  the  attention  of  the  members  with  the  result  that  a  sur- 
prisingly large  number  were  sold  when  it  was  learned  that  the 
many  important  subjects  were  available  in  pamphlet  form.  As  a 
result  of  this  and  the  fact  that  a  number  of  sets  have  been  entirely 
sold  out,  the  entire  list  of  pamphlets  on  hand  has  been  recatalogued 
and  for  convenience  of  reference  they  are  now  listed  under  the 
numbers  of  chapters  in  wdiich  the  same  papers  appear  in  the  various 
volumes  of  the  Transactions.  The  rearranged  list  in  its  revised  form 
appears  in  the  January,  1917,  issue  of  the  Journal,  together  with 
chapter  numbers  and  prices.  It  is  hoped  that  this  list  will  render  the 
supply  of  papers  more  conveniently  accessible  to  the  members. 

It  is  with  pleasure  that  the  Secretary  announces  that  arrange- 
ments have  been  made  with  the  librarian  of  the  engineering  library 
in  the  headquarters  building  for  the  extension  of  the  wonderful 
library  service  now  conducted  as  an  annex  to  the  library,  to  the  mem- 
bers of  this  Society.  This  library  consists  of  60,000  volumes  on  en- 
gineering and  it  receives  annually  over  a  thousand  engineering 
periodicals  and  society  publications.  This  fund  of  information  is 
rendered  available  by  a  library  service  where1)y  weekly  records  of 
new  information  on  any  particular  subject  may  be  subscribed  for,  or 
statistical  researches  made  at  very  moderate  rates.  A  staff  of  ex- 
perts is  there  maintained  for  copying  and  translating,  as  well  as  for 
abstracting  in  English  or  bibliographing.  if  desired.  Full  informa- 
tion will  be  furnished  by  the  Secretary  upon  application. 

In  closing,  the  Secretary  desires  to  take  this  opportunity  of  testi- 
fying most  appreciatively  to  the  untiring  efforts  that  have  been  made 
by  the  officers,  not  only  of  the  National  Society  but  of  the  Chapters, 
in  assisting  him  in  his  multitudinous  duties,  which  cover  such  a  wide 
range  as  to  be  very  involved  and  extremely  difficult  with  the  recent 
rapid  growth  of  the  Society.    The  opportunity  is  here  again  taken  to 
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point  out  the  great  importance  of  the  utmost  co-operation  throughout 
the  entire  organization  in  order  that  the  maximum  results  be  ob- 
tained for  the  greatest  good  of  the  membership.  Your  Secretary 
feels  confident  that  the  Society  stands  merely  on  the  threshold  of  its 
usefulness  and  that  the  next  few  years  will  show  a  greater  growth 
and  a  greater  development  than  it  has  ever  been  thought  capable  of. 
Respectfully  submitted, 

Casin  W.  Obert,  Secretary. 

APPENDIX 

STATEMENT  OF  INCOME  AND  EXPENDITURES 

Cash  on  hand,  Treasurer's  account,  January  2d,  1916 $2,529.10 


Secretary's    contingent    account. 


RECEIPTS 

Dues     • .  •  • .     $5,731.28 

Initiation    Fees     1,635.00 

Sale  of  Transactions: 

Sets  Vols.  19-20   $20.00 

Sets  Vols.  16-21    45.00 

Set  Vols.  17-21   25.00 

Set   Vols.    19-21    30.00 

Set  Vols.    17-21    18.75 

Volume    20    5.00 

Volume    21     127.50 

Volume    22    15.00 

286.25 

Badges    78.50 

Advertising     1,487.14 

Reprints      161.20 

Sales  of  and  subscriptions  to  the  Journal 57.35 

Excess    exchange    1.81 

Interest    on    deposits     74.26 


DISBURSEMENTS 

Transactions:    Vol.    21    $570.00 

Cuts  and  Drawings    263.61 


100.00 

$2,629.10 


9,512.79 


$12,141.89 


$833.61 


Journal: 

January  issue    $297.62 

April    issue    551.61 

July    issue    358.63 

October   issue    485.03 

—        1,692.89 

Year    Book — 1916    288.50 

Meetings  expense: 

Meeting  room    82.50 

Stenographic    reports     185.00 

Name    badges    37.50 

Appropriations    for    entertainment     200.00 

505.00 
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General  administration: 

Salaries     $2,854.25 

Rental  of  office  and  storeroom 520.08 

Office   supplies  and   printing    659.18 

Telephone     86.66 

Postage     347.00 

Exchange    10.29 

Engrossing   certificates    44.00 

Traveling    e.xpenses     171.01 

4,692.52 

Office  fixtures: 

Addressograph    system     $48.95 

New  L.  C.  Smith  typewriter  in  exchange 75.50 

124.45 

$8,136.97 

Cash  in  Treasurer's  account,  January  2nd,    1916 3,904.92 

Cash  in  hands  of  Secretary    100.00 


$12,141.89 


INVENTORY  OF  SOCIETY  PROPERTY 


ASSETS 

Furniture    and    fixtures    

Cuts  used  in  printing  volumes  of  the  Transactions 

Stationery    and    supplies    

Volumes  of  the  Transactions,  2,732   @$2.50 

Accounts    receivable    

Library     

Membership  fees  and  dues  outstanding $2,602.19 

Less   20%    520.44 


Badges,   registration 
Badges,  pin   


Cash  on  hand 


$225.00 

200.00 

50.00 

6,830.00 
112.00 
360.00 


2,081.75 
37.50 
88.50 


$9,984.75 
4,004.92 


$13,989.67 


LLVBILITIES 

Balance  due  on  Volume  22  (1916)  to  be  issued  to  members. 

Membership  dues  prepaid    

Postage  and  express  on  Vol.  22   (estimated) 


$858.85 
30.00 
95.00 


$983.85 


Membership   equity    $13,005.82 

STATUS  OF   MEMBERSHIP 

Total  number  of  members  (all  grades),  Jan.  2nd,  1916 626 

Accessions  to  membership  by  election  in   1916 .125 

751 

Loss  in  membership  by   deaths    8 

Loss  in  membership  by  resignation    4 

—      12 


Present    total    membership    739 

Net   increase    for    year    1916 113 

Members   subject   to   dropping    from    failure  to   qualify   or   pay   dues 21 

Number    of    candidates    approved    by     Membership    Committee    in     1916 — posted    in 

January,     1917,     Journal     40 
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STATUS  OF  MEMBERSHIP  DUES  ACCOUNT 

DR. 

In  arrears,  January  2nd,    1916   (collected  $630) $1,028.00 

Paying  members,  January  2nd,  1916—626  @   $10 6,260.00 

New  Members  elected  in   1916 640.47 

Reinstated  members,   back  dues    20.00 

$7,948.47 

CR. 

Prepayment  of  1916  dues  in   1915,  11  members $110.00 

Total  dues   received    5,731.28 

$5,841.28 

Dues    outstanding    $2,107.19 

STATUS  OF  INITIATION  FEES  ACCOUNT 

DR. 

In  arrears,  January   2nd,    1916 $285.00 

New   Members  elected   in    1916 1,830.00 

Fee  of  advancement  from  Junior  grade , 15.00 

$2,130.00 

CR. 

Total   initiation   fees   received    $1,635.00 

Fees    outstanding     $495.01 

Total  debit  accounts   of   members    $2,602.19 

EXPENSES  OF  SOCIETY   PER  MEMBER 
(Based  on  Average  Membership) 

Total   disbursements   for    year    1916 ■.      $8,136.97 

Less  amount  paid  out  on  account  Vol.   XXI 655.00 

$7,481.97 
Adding  estimated  cost  of  completing  Vol.   XXII 858.85 

Net  total  expenditures  on  account  year   1916 $8,340.82 

Total   number  of  members,  January  2nd,    1916 626 

Net   increase    in   membership   during    1916 57 

Average  number  of  members  during  year 683 

$8,340.82 

Net  cost  per  member  = r=  $12.21 

683 

Net  cost  per  member,  deducting  income   from  advertising: 

$8,340.82—  1,487.14 

=   =   $10.03 

683 

The  Pre.sident:     Are  there  any  remarks  or  questions?     If  not 
this  report  will  be  received  and  placed  on  file. 

The  next  report  to  be  presented  is  that  of  the  Treasurer. 
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REPORT  OF  TREASURER 

The  Treasurer  makes  the  following  report  for  the  fiscal  year  of 
1916,  from  January  2nd  to  December  31st: 


RECEIPTS 
January: 

Balance    $2,529.10 


Collections 
February: 

Collections 
March: 

Collections 
April: 

Collections 
May: 

Collections 
June: 

Collections 

Interest    . . 


$661.55 
38.11 


July: 

Collections     

August: 

Collections     

September: 

Collections     

Ck.  No.  590— Payt. 
stopped     


October: 
Collections 

November: 
Collections 

December: 
Collections 
Interest    .  . 


$569.12 
28.00 


780.95 


832.31 
36.15 


SUMMARY 


Collections     $9,435.11 

Interest     74.26 

Ck.   590,   Payt.   stopped 28.00 


Bal.    Jan.    1st,    1916 


$9,537.37 
2,529.10 

$12,066.47 


DISBURSEMENTS 

Vouchers      $1,347.23 

Exchange     


2,485.62 

Vouchers 
1,120.20        Exchange 

654.39        Vouchers 
Exchange 

287.09 

Vouchers 

451.05        Exchange 

Vouchers 
Exchange 

699.66 

\'ouchers 

289.66        Exchange 

797.69        Vouchers 
Exchange 

Vouchers 
Exchange 

597.12 

Vouchers 

505.48        Exchange 


Vouchers 
Exchange 


Vouchers 
868.46        Exchange 


$12,066.47        Vouchers 
Exchange 


1.34 


$626.67 
.90 

$668.61 
1.15 

$352.53 
.70 

$551.61 
.40 

746.3,? 
.40 

$481.21 
.40 

1,049.68 
.37 

356.83 
.30 

448.19 
.21 

1,310.73 
.38 

215.01 
.Z7 


Vouchers     $8,154.63 

Exchange     6.92 


Bal.    Jan.     1st,    1917. 


$1,348.57 


627.57 


669.76 


353.23 


552.01 


746.73 


481.61 


1,050.05 


357.13 


448.40 


1.311.11 


215.38 


,161.55 


$8,161.55 
3,904.92 


$12,066.47 

Respectfully  submitted, 

Homer  Addams,  Treasurer. 


The  President:    Are  there  any  questions? 

A  motion  was  made  and  carried  that  the  report  be  accepted  and 
placed  on  file. 
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Frank  K.  Chew  :  I  think  Secretary  Obert  has  been  very  modest 
indeed  in  his  report.  What  he  has  done  during  the  last  year  only  a 
few  members  of  the  Council  understand.  I  know  quite  a  lot  about 
what  he  has  done  from  talks  by  telephone.  I  know  how  some  of  the 
affairs  of  the  Secretary's  ofifice  have  gone  since  Mr.  Macon  was  in 
office,  and  took  hold  of  things  and  put  it  on  a  different  basis.  I 
have  known  all  of  the  Secretaries — Mr.  Mackay  and  Mr.  Macon ; 
then  Mr.  Scott,  and  while  he  was  in  office  he  was  sick  and  could  not 
do  all  that  he  would  have  liked  to  do.  Then  Mr.  Blackmore  came 
in  and  did  much  valuable  work  for  the  Society,  and  carried  out  ideas 
that  had  been  formulated  by  other  members,  and  the  Society  grew. 
When  Mr.  Obert  was  called  he  found  an  accumulation  of  matter 
that  now  for  the  first  time  has  been  arranged  systematically.  His 
affairs  are  arranged  in  a  way  that  would  be  a  credit  to  the  govern- 
ment. A  member  can  go  into  the  office  and  the  young  lady  can 
promptly  give  almost  anything  required.  I  consider  that  his  work 
has  been  wonderful  in  this  past  year.  His  report  does  not  show 
this  to  the  general  membership ;  they  don't  know  what  has  been  done 
in  detail,  to  enable  him  to  give  us  the  report  he  has.  And  I  am  glad 
to  testify  to  this,  and  give  him  the  credit  that  is  due. 

I  don't  want  the  membership  at  large  to  be  falsely  impressed  with 
the  idea  that  the  Society  is  rich,  however,  because  the  demands  on  it 
are  up  to  the  minute.  The  Society  is  getting  many  new  members, 
and  with  their  dues  and  initiation  fees  its  funds  are  coming  up.  The 
Society  must  have  a  larger  office,  and  that  will  be  additional  expense. 
Our  members  want  things  which  run  into  work,  and  for  this  the 
Secretary  must  have  efficient  help.  He  cannot  be  expected  to  do 
chores  if  we  want  his  best  efforts  in  important  things.  He  is  too 
valuable  to  the  Society  in  other  ways.  The  point  I  wish  to  make  is 
that  the  Society  is  doing  fine,  but  hasn't  a  cent  to  waste. 

Again,  referring  to  the  Society  Journal,  the  man  who  is  away  out 
West  or  distant  from  the  Society  centers,  depends  on  the  Journal 
for  his  information  about  the  Society,  and  that  is  about  all  he  gets. 
A  while  ago  he  used  to  get  his  papers  before  the  meeting  and  then 
the  annual  volume  of  the  Transactions,  but  now  he  also  gets  the 
Journal. 

I  think  the  Journal  should  be  a  vehicle  of  more  news  for  keeping 
the  members  out  there  in  touch  with  our  affairs.  I  don't  wish  to  add 
to  the  labors  of  the  Secretary  or  any  of  the  Committees,  but  the 
man  who  never  gets  to  the  meetings,  but  pays  his  $10.00  dues  regu- 
larly and  loyally,  is  doing  a  big  service  for  the  Society,  and  without 
him  the  Society  could  not  live.     For  that  reason,  we  owe  him  some- 
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thing  more  than  the  dry  papers  that  he  finds  in  the  Journal.  I  as- 
sume he  has  a  deep  interest  in  the  Society  and  is  just  as  proud  of  its 
advancement  as  any  of  us,  and  there  are  lots  of  small  things, 
especially  things  that  go  on  in  the  Council  that  would  interest  him. 
Thus,  with  all  due  respect  to  the  Journal,  I  think  it  would  be 
improved  by  putting  in  more  news  of  what  the  Society  is  doing. 
This  would  hold  the  interest  and  encourage  those  fellows  who  would 
like  to  feel  that  they  know  something  of  the  Society  and  its  hopes 
and  ambitions. 

The  President  :  That  is  a  good  idea  and  I  hope  the  Publication 
Committee  will  please  make  a  note  of  these  suggestions.  One  of  the 
draw-backs  in  making  the  Journal  a  newsy  magazine  is  that  it  is  only 
published  quarterly,  and  by  the  time  we  could  get  the  news  to  the 
members  it  would  be  pretty  stale.  When  we  publish  a  monthly  Jour- 
nal, that  should  be  an  interesting  addition. 

We  now  have  some  Committee  reports  and  I  think  the  report  of 
the  Committee  on  Local  Secretaries  will  have  something  that  will 
be  a  tendency  toward  that  end.  At  the  summer  Meeting,  it  was 
requested  that  a  Committee  be  appointed  to  take  up  the  matter  of 
the  appointment  of  local  secretaries  throughout  the  country.  This 
Committee  has  made  a  report,  which  the  Secretary  will  read. 

REPORT  OF  COMMITTEE  ON  LOCAL 
SECRETARIES 

Your  Committee  on  Local  Secretaries  begs  leave  to  recommend 
the  following  resolution  to  be  adopted  by  this  Society : — 

Resolved  that  the  Council  of  this  Society  be  authorized  and  in- 
structed to  appoint  a  Local  Secretary  in  each  of  the  following  cities, 
to  wit : 

(Cities  to  be  decided  upon  by  the  Council.) 

Such  Secretaries  shall  be  appointed  for  a  period  of  one  year  and 
appointments  shall  be  made  on  or  before  February  15th  of  each  year. 

The  appointees  shall  be  regular  members  of  the  Society. 

Local  Secretaries  shall  not  be  appointed  in  cities  where  local 
Chapters  exist. 

Local  Secretaries  shall  serve  without  pay. 

duties  of  the  local  secretaries 

To  keep  the  parent  body,  through  its  Council,  informed  regard- 
ing local  existing  and  pending  laws  or  ordinances  pertaining  to  heat- 
ing or  ventilation. 
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I'o  assist  the  Publication  Committee  in  securing  items  of  interest 
to  the  members  for  pubHcation  in  the  Journal. 

To  investigate  the  qualifications  of  prospective  members  when 
requested  to  do  so  by  the  Council. 

To  perform  such  duties  for  the  good  of  the  Society  as  the  Council 
may  direct. 

To  make  a  written  report  to  the  Secretary  before  each  Annual 
and  Semi-Annual  Meeting  of  the  Society. 

Respectfully  submitted, 

H.  M.  Hart,  Chairman. 

E.  V.  Hill, 

F.  R.  Still. 

The  President:  This  report  has  been  submitted  to  the  Council 
and  approved,  with  the  slight  correction  that  the  secretaries  are  to 
report  to  the  national  Secretary  immediately  before  each  Annual 
and  Semi-Annual  Meeting  of  the  Society.  The  report  is  before  you 
for  adoption  or  rejection. 

Frank  K.  Chew  :  I  move  that  the  report  be  received  and  the 
Council  recommended  to  take  action  accordingly,  but  before  we  go 
any  further,  I  would  like  a  little  light  on  this  question :  What  is 
the  idea?  Is  it  that,  for  instance,  if  we  have  no  local  Chapter  in 
Baltimore,  we  select  a  live  member  there  and  make  him  a  secretary 
to  report  on  what  is  going  on  in  his  section  that  may  be  of  interest 
to  the  Society? 

The  President  :  That  is  right.  We  have  experienced  some  dif- 
ficulty in  getting  into  close  touch  with  the  membership  in  cities  where 
no  Chapter  exists.  This  subject  was  brought  up  at  the  summer 
Meeting  and  discussed,  and  it  was  voted  to  appoint  a  Committee 
to  take  up  the  suggestion  and  present  it  to  this  meeting. 

The  motion  was  put  to  a  vote  and  passed. 

The  President:  The  next  Committee  is  the  Committee  on  the 
Best  Position  for  a  Radiator  in  a  Room.  Prof.  Verner  reported  on 
this  at  the  Semi-Annual  Meeting,  and  the  Committee  was  continued. 
We  have  no  report  from  them  for  this  meeting.  The  Committee  on 
Testing  of  Air  Washers  has  not  been  able  to  make  a  report.  Is 
there  a  report  from  the  Committee  on  Standard  Method  of  Testing 
Radiators,  Prof.  Allen,  Chairman? 

Prof.  John  R.  Allen  :  I  have  no  formal  report  to  make  at  this 
time.     The  Committee  has  the  matter  now  before  it,  however,  and 
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some  new  methods  are  being  attempted,  so  we  will  probably  have  a 
formal  report  to  present  at  the  next  summer  Meeting. 

The  President:  If  there  is  no  objection,  this  will  be  received 
as  a  report  of  progress. 

We  had  Committees  appointed  to  attend  meetings  of  different 
societies ;  there  were  committees  to  attend  the  National  Fire  Pro- 
tection Association,  the  National  District  Heating  Association  and 
others.  But  as  we  have  no  report,  we  can  take  it  there  was  nothing 
of  particular  interest  to  us  from  any  of  these. 

Imiyself  attended  the  National  Fire  Protection  Association  meet- 
ing, and  there  was  nothing  present  at  that  meeting  that  would  be  of 
interest  to  this  body.  The  program  contained  some  matters  that 
looked  interesting,  but  those  matters  never  came  up  or  were  dis- 
cussed. 

Frank  K.  Chew:  That  Association  has  every  disposition  to  co- 
operate with  us  in  anything  we  undertake.  They  have  a  high  esteem 
for  us  and  every  courtesy  was  accorded  the  Committee  that  repre- 
sented the  Society  at  their  meeting. 

The  President:  There  is  no  unfinished  business;  that  brings 
us  to  new  business. 

The  Secretary  :  There  is  an  amendment  offered  to  the  Con- 
stitution and  By-Laws.  It  is  proposed  to  amend  Article  VI,  Section 
] ,  to  read  : 

"The  affairs  .  .  .  two  Vice-Presidents,  a  Treasurer, 
eight  (8)  members  at  large  and  a  representative  from  each 
Local  Chapter,  to  be  elected  by  each  Chapter.  Four  members 
.     .     .     therein." 

Also  it  is  proposed  to  amend  Article  IX,  by  the  following  addition : 

"Each  Chapter  shall  elect  a  representative  to  serve  for  the 
ensuing  year  on  the  Council  of  the  Society,  and  shall  notify  the 
Secretary  fifteen  (15)  days  before  the  Annual  Meeting." 

These  proposed  amendments  arc  offered  by  John  D.  Cassell,  W. 
F.  Goodnow,  John  R.  Allen  and  F.  G.  Phcglcy.  The  signatures  of 
three  members  arc  required  by  the  Constitution  for  the  presentation 
of  an  amendment  thereto. 

The  President:  The  amendment  must  be  received  by  the  vote 
of  a  majority  of  the  members  present,  and  if  it  is  passed  it  will  be 
printed  and  sent  out  to  the  entire  membership,  when  it  will  require 
a  two-thirds  vote  for  adoption.    It  is  now  before  you  for  discussion. 


36  Proceedings  of  the 

James  A.  Donnelly  :  A  few  years  ago  the  Society  had  a  certain 
number  of  members  for  their  council,  or  Board  of  Governors  (as 
it  was  then  called),  mentioned  in  the  Articles  of  Incorporation,  and 
an  increased  number  mentioned  in  their  Constitution.  The  Consti- 
tution of  the  Society  consists  of  the  Articles  of  Incorporation,  the 
By-Laws,  and  the  laws  of  the  State  of  New  York,  applying  to  mem- 
bership corporations.  At  a  meeting  of  the  Society  when  this  was 
considered,  it  was  discovered  that  the  Society  did  not  have  a  legally 
elected  Board  of  Governors,  in  that  they  had  increased  the  number 
in  the  Constitution,  without  amending  the  Articles  of  Incorporation. 
As  this  was  brought  to  the  attention  of  the  Board  of  Governors  while 
I  was  Treasurer,  I  was  appointed  a  "committee  of  one"  to  look  up 
the  matter  and  bring  a  report  back ;  and  was  after\yard  continued  as 
a  "committee  of  one"  to  recommend  the  necessary  changes  to  bring 
the  Society  into  accordance  with  the  Membership  Corporation  Law. 

I  served  to  the  best  of  my  ability,  arid  the  report  which  I  handed 
in  was  accepted  by  this  body.  At  that  time,  it  was  decided  that  the 
Governors,  or  Council  (as  it  is  now  called),  must  have  its  members 
elected  by  the  Society  members  present  at  the  Annual  Meeting — 
present  either  in  person  or  by  proxy. 

I  will  not  now  go  into  the  details  concerning  the  law,  but  I  would 
like  to  state  that  my  study  of  the  matter  has  firmly  convinced  me 
that  the  object  of  the  latter  is  to  allow  the  members  present  to  exer- 
cise their  rights  of  election,  after  having  heard  and  discussed  the 
report  of  the  out-going  Board  of  Governors.  Therefore,  any  elec- 
tion held  by  ballot,  which  has  been  decided  by  members  voting  pre- 
vious to  hearing  the  Board  of  Governors  report,  will  never  be  sus- 
tained by  the  courts,  nor  would  it  be  possible  to  have  the  law 
amended  so  that  the  letter  ballot  as  we  now  use  it  would  be  legal. 

As  we  are  now  operating  the  Society,  at  the  present  time,  if  the 
members  present  discovered  that  they  were  very  dissatisfied  with 
the  outgoing  Board  of  Governors,  they  would  perhaps  not  wish  to 
re-elect  them,  and  they  would  not  have  any  ability  to  act  on  that 
line.  This  is  why  the  law  is  worded  as  it  is,  so  that  it  would  be 
possible  to  elect  an  entirely  new  Board,  if  desirable. 

I  would  object  to  this  amendment  on  the  ground  that  it  is  uncon- 
stitutional. The  number  of  members  on  the  Council  cannot  be  in- 
creased without  changing  the  Articles  of  Incorporation.  In  order 
to  change  or  increase  the  number  of  Council  members,  these 
Articles  must  be  amended  to  so  state.  You  must  have  a  definite 
number  on  the  Council. 

As  I  take  this  proposition,  every  time  a  new  Chapter  were  formed, 
it  would  mean  a  new  member  for  the  Board  or  the  Council.     We 
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cannot  have  this;  we  must  specify  the  number.  As  it  is  the  duty  of 
the  Council  to  look  after  the  business  of  the  Society,  to  buy  and  sell 
property,  and  generally  conduct  the  affairs  for  the  members,  the 
Council  members  must  be  ehcted  by  the  entire  membership,  not  a 
part. 

The  President:  Roberts'  "Rules  of  Order"  rules  that  an  ob- 
jection to  the  consideration  of  a  motion  requires  a  two-thirds  vote, 
and  it  is  not  debatable.    Shall  this  motion  be  considered? 

A  motion  was  made  and  carried  that  the  question  be  considered 
before  the  house. 

James  A.  Donnelly:  Mr.  President,  my  objection  has  been  mis- 
understood, yiy  objection  was  not  to  the  consideration  of  the  ques- . 
tion,  but  to  the  adoption  of  the  motion,  on  the  ground  that  it  is  un- 
constitutional. Personally,  I  have  no  objection  to  the  meeting  giving 
the  question  any  consideration  that  may  be  desired,  or  that  you  may 
wish  to  allow.  But  my  objection  is  a  question  of  whether  or  not  it 
should  be  adopted,  when  it  is  not  constitutional. 

John  D.  Cassell  :  In  framing  this  amendment,  we  did  not  an- 
ticipate this  and  it  was  framed  in  ignorance  of  the  Constitution.  I 
would  not  knowingly  bring  anything  before  the  Society  that  was 
not  in  legal  form.  Might  I  ask  what  is  the  legal  number  of  di- 
rectors ? 

James  A.  Donnelly  :  I  do  not  think  there  is  any  limit  to  the 
number  you  can  have,  but  it  must  be  made  a  definite  number. 

John  D.  Cassell:  If  that  is  the  requirement  of  the  Constitution, 
then  it  w^ould  seem  that  this  amendment  is  entirely  out  of  order. 

The  President  :  I  do  not  think  that  is  so.  You  can  have  as 
many  as  you  want,  or  as  few  as  you  want,  but  you  must  have  the 
Articles  of  Incorporation  changed  to  that  effect.  I  am  not  quoting 
from  the  law,  for  I  am  not  familiar  with  it.  but  I  am  quite  sure  that 
this  is  right. 

William  Kent  :  Would  it  not  be  in  order  to  send  this  paper  back 
to  the  men  who  framed  it  and  proposed  it,  with  the  request  that  they 
confer  with  the  Council  and  then  study  the  Constitutions  of  other 
societies,  ])articularly  the  .American  Institute  of  Mining  Engineers, 
who  have  representatives  from  all  different  sections  of  the  country. 
I  think  we  should  not  be  too  hasty  about  amending  the  Constitution. 

James  A.  Do.vnellv:  In  reference  to  the  nunfljer  of  directors,  I 
have  had  occasion  to  amend  the  Articles  of  Incorporation  in  two 
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Other  membership  corporations.  It  is  not  necessary  to  state  the 
number  of  directors  in  the  Articles  of  Incorporation ;  the  number 
may  be  stated  in  the  By-Laws,  but  in  the  case  of  this  Society  we 
have  stated  the  number  in  the  Articles  of  Incorporation,  and  conse- 
quently we  must  act  on  that  number.  Of  course,  the  Articles  may  be 
amended,  but  each  time  there  is  a  fee  for  filing,  and  the  lawyer's 
cost.  But  as  I  stated,  the  number  for  our  Council  is  stated,  and 
this  establishes  a  fixed  number,  unless  the  Articles  are  amended. 

I  think  the  method  pursued  by  the  Mechanical  Engineers  is  a  good 

one,  of  taking  a  member  of  the  Nominating  Committee  from  each  of 

the  local  sections.     This  year  we  might  have  our  Society  handled 

in  this  way  by  having  the  Council  appoint  a  Nominating  Committee 

.  to  correspond  with  that  plan. 

Frank  K.  Chew  :  I  do  not  think  it  is  the  desire  of  the  Chapters 
to  inflict  their  representation  on  the  Council,  but  the  purpose  is  that 
if  any  of  the  Chapters  have  a  representative  who  happens  to  be  in 
New  York  when  the  Council  is  holding  a  meeting,  that  he  would 
have  the  right  to  attend  the  meeting;  that  he  could  take  part  in  the 
business,  but  without  a  vote.  This  is  possible  without  any  consider- 
able changes. 

With  this  plan  the  Council  could  have  first-hand  information  from 
the  Chapter,  and  the  Chapter  about  what  was  being  done  by  the 
Council.  That  is  the  intention  and  purpose  of  this  action,  as  I 
understand  it,  and  I  think  it  can  be  very  easily  done. 

I  therefore  make  a  motion  that  this  matter  be  referred  to  the 
Council  with  recommendation  that  such  changes  be  made  by  that 
body  as  will  make  it  permissible  to  provide  for  a  Chapter  repre- 
sentative. 

John  D.  Cassell  :  Mr.  Chew  is  right  in  general,  only  we  intended 
the  representative  to  have  a  vote ;  we  intended  him  to  have  all  the 
rights  and  privileges  of  membership  on  the  Council. 

F.  K.  Davis  :  The  simplest  thing  we  can  do  now  would  be  to  let 
the  Chapters  have  a  delegate  on  the  Council,  and  see  how  that  would 
work  out. 

James  A.  Donnelly:  That  is  a  plan  which  I  would  favor.  In 
an  organization  that  I  belong  to,  we  wanted  to  satisfy  the  members 
in  regard  to  the  business  of  the  Board  of  Directors,  and  so  we  made 
an  amendment  reading:  "That  any  member  of  the  society  had  the 
privilege  of  being  present,  and  was  invited  to  be  present  at  any  or 
all  meetings  of  the  Board  of  Directors."  Of  course,  not  many  took 
advantage  and  came,  but  a  few  did.    But  it  brought  out  one  feature 
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for  the  benefit  of  the  members,  and  that  was  that  the  meetings  of  the 
Board  were  the  business  of  the  society,  it  was  no  ''star  chamber" — 
nothing  private  or  that  had  to  be  concealed.  It  worked  very  nicely^ 
and  everyone  was  w'orking  together. 

With  regard  to  referring  amendments  to  the  Board  of  Governors, 
there  seems  to  be  a  wrong  impression  that  the  Constitution  is  for  the 
government  of  the  members,  but  the  fact  is  they  have  so  Uttle  to  do 
that  they  don't  need  to  be  governed ;  these  laws  are  made  by  the 
members  for  the  guidance  of  the  Council.  They  are  "sign-posts" 
to  warn  where  they  must  keep  off,  and  the  members  can  say  where 
this  is.     The  amendments  should  originate  with  the  members. 

Charles  Morrison  :  Speaking  for  the  Massachusetts  Chapter, 
the  remarks  in  connection  with  this  amendment  seem  to  have  a 
particular  bearing  on  our  local  Chapter  in  Boston.  Our  Chapter 
would  have  been  glad  to  sign  this  document,  as  signed  by  the  other 
four  members  of  Chapters,  because  we  feel  we  have  been  particu- 
larly affected  this  year.  We  find  that  there  has  been  nominated  by 
the  Nominating  Committee,  a  man  for  the  Council  who  comes  from 
Massachusetts  but  who  is'not  a  representative  of  our  local  Chapter. 
He  does  not  care  to  belong  to  it,  does  not  pay  any  dues  and  appar- 
ently doesn't  take  a  bit  of  interest  in  the  activities  of  the  Chapter. 
It  is  the  hope  of  ^lassachusetts  Chapter  that  the  next  Nominating 
Committee  will  find  out  whether  a  proposed  member  of  the  Council 
is  in  good  standing  in  the  Chapter  and  will  come  as  a  representative 
of  the  local  Chapter. 

Frank  K.  Chew:  I  have  had  experience  in  the  Society  on  sev- 
eral Nominating  Committees,  and  I  thought  we  were  through  with 
attempting  to  get  representatives  from  all  over  the  country  for  it  is 
a  mistake.  The  Year  Book  will  show  how  carefully  every  section  was 
represented  by  the  earlier  Committees.  We  had  good  men  every- 
where. The  Society  was  not  benefited  because  all  these  widely  sep- 
arated officers  could  not  get  together. 

Another  objection  to  the  recognition  of  territory  is  that  in  future 
we  want  men  who  can  get  together  and  sit  around  the  table  and 
run  things  properly,  and  things  have  to  be  run  right  here  in  the 
New  York  headquarters.  Look  how  the  Society  has  grown  in  the 
past  year;  our  reports  show  that  we  have  an  increase  of  members  in 
good  standing.  Everything  is  flourishing  and  when  that  is  the 
case,  why  go  back  to  the  old  idea  of  getting  members  of  the  Council 
from  everywhere,  instead  of  having  the  majority  where  we  want 
Ihem? 
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It  is  not  absolutely  necessary  to  have  the  Eastern  Pennsylvania 
Chapter  represented  on  the  Council  for  it  to  be  benefited  and  it  is 
the  same  with  the  other  Chapters. 

The  Nominating  Committee  this  year  spent  time  and  money  look- 
ing for  the  best  material  for  the  Society's  benefit.  Everybody  is 
anxious  to  have  every  Councilman  loyal  and  willing  to  work,  and 
he  has  to  do  that  in  the  Council.  In  the  old  days,  the  man  from 
Kansas  City  could  not  come  to  the  meetings,  and  he  did  not  know 
what  was  going  on,  and  how  could  he  be  expected  to  help?  It  left 
all  the  initiative  and  regular  work  to  the  few.  On  that  basis,  if  the 
proposed  amendment  were  submitted,  I  would  vote  against  it.  I  am 
satisfied  with  the  way  the  Society  has  been  running  for  the  past 
five  or  six  years,  and  while  I  think  the  Chapters  might  have  a  repre- 
sentative sitting  on  the  Council  ready  to  say  a  word,  I  think  the 
active  working  number  should  not  be  afifected. 

Of  course,  if  it  is  necessary  to  call  a  meeting  hurriedly  they  can 
all  get  together  and  the  members  will  have  to  be  where  they  can  be 
reached  easily.  A  Chapter  representative  would  be  notified  of  such 
a  meeting  whether  he  could  attend  or  not.^ 

Our  members  would  be  surprised  to  know  the  careful  way  the 
business  of  the  Society  is  transacted  and  the  time  that  the  mem- 
bers spend.  I  would  vote  for  the  representation  of  the  Chapters  by 
a  delegate. 

J.  Irvine  Lyle:  Mr.  President,  I  feel  that  this  matter  is  worthy 
of  very  complete  consideration.  I  have  been  a  member  of  an  or- 
ganization that  tried  just  such  a  scheme  of  having  an  Executive 
Committee  with  power  to  run  the  business  of  the  Society,  that  were 
elected  by  the  membership,  and  in  addition  to  these,  there  were  also 
delegates  from  the  various  Chapters.  These  men  could  not  always 
be  present,  it  is  true,  but  they  got  there  very  often.  When  they 
have  something  to  present  to  the  governing  body,  they  have  the 
direct  representative  to  send  to  present  it. 

Then  I  belong  to  another  organization  where  instead  of  these 
delegates  having  any  power  to  vote,  they  have  all  the  privileges  ex- 
cept voting.  In  this  case  they  have  formed  themselves  into  an 
Advisory  Council,  and  they  meet  themselves  and  discuss  problems, 
and  vote  among  themselves,  and  then  recommend  such  action  as 
they  think  should  be  taken.  When  things  come  up  for  consideration, 
they  feel  that  they  have  a  perfect  right  to  express  their  feelings. 
That  is  a  help  to  the  Executive  Committee  because  they  feel  that 
they  are  getting  the  representation  of  the  membership  throughout 
the  country. 
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.  If  it  is  not  impertinent,  I  would  like  to  say  one  thing  to  our  friend 
from  Massachusetts.  If  we  ever  get  this  Society  to  a  point  where 
we  try  to  coerce  our  membership  into  joining  any  local  Chapter,  it 
will  be  very  bad  policy  for  the  Society.  Some  of  the  best  of  our 
membership  here  in  New  York  are  not  members  of  the  Chapter. 
They  do  good  work,  and  are  interested  in  the  Society,  but  for  rea- 
sons of  their  own  they  do  not  associate  themselves  with  the  Chapter. 
I  do  not  think  it  should  be  held  in  any  way  against  a  member,  in 
depriving  the  Society  of  the  services  of  any  available  man  who 
would  take  an  interest  in  the  affairs  of  the  Society,  just  because  he 
does  not  belong  to  a  Chapter. 

F.  K.  Davis:  If  the  Chapters  were  allowed  an  advisory  delegate 
with  the  right  to  sit  with  the  Council  and  not  have  a  vote — and  I  do 
not  see  anything  that  could  be  gained  by  his  voting — it  might  be  a 
good  plan.  So  far  as  allowing  any  more  of  the  members  I  would  be 
opposed  to  that,  for  I  don't  think  it  would  work.  I  have  done  some 
Committee  work,  and  I  know  that  the  larger  the  Committee  the  less 
work  is  done.  The  Council  should  have  as  few  members  as  possible 
to  accomplish  what  is  necessary. 

As  Mr.  Lyle  says, -so  far  as  members  belonging  to  Chapters  is 
concerned,  this  should  not  be  essential.  Personally  I  look  on  the 
Chapters  more  as  representing  the  social  side  of  the  Society,  and  it  is 
nothing  either  to  the  credit  or  discredit  of  a  member  if  he  does  not 
belong  to  a  Chapter. 

Arthur  K.  Ohmes:  There  is  no  objection  to  having  Chapter 
representation,  as  long  as  it  leaves  a  working  number  of  Councilmen 
in  New  York.  There  is  plenty  of  work  to  be  done  and  it  most  be 
done  here  in  New  York.  Usually  four  or  five  members  do  it  all. 
Take  the  Executive  Committee  and  the  Committee  on  Publication, 
for  instance — especially  the  latter,  there  is  an  immense  amount  of 
work  to  be  done  by  them. 

I  believe  myself  that  the  motion  of  appointing  a  Committee  to 
look  up  the  action  of  other  Societies  on  this  matter  is  the  proper  one. 
Let  the  Committee  report  back  to  the  Council. 

The  I'resident  :  I  am  in  favor  of  this  scheme  as  I  see  it.  The 
fact  that  all  of  the  members  would  not  attend  the  Council  meetings 
is  not  a  great  draw-back.  The  matters  that  are  going  to  come  up 
that  are  of  interest  are  now  sent  to  the  members  of  the  Council 
when  the  meeting  is  announced.  If  a  similar  notice  were  sent  to 
these  members,  they  could  get  the  sentiment  of  their  Chapter  and 
communicate  with  the  Council  and  give  their  advice.     I  am  sure 


42  Proceedings  of  the 

that  such  an  expression  should  prove  an  assistance  to  the  workers 
on  the  Council  here. 

As  Mr.  Ohmes  said,  it  always  resolves  itself  to  the  work  having 
to  be  done  by  a  few  members  in  New  York  and  vicinity.  It  is  a 
mistake  to  try  and  reduce  the  New  York  representation  on  the 
Council,  and  thereby  simply  shove  all  the  work  onto  a  couple  of 
members.  It  is  bad  enough  now,  but  it  should  not  be  made  any 
worse.  There  should  not  be  less  than  six  members  in  New  York ; 
that  should  be  the  minimum,  if  the  work  is  to  be  properly  taken 
care  of. 

I  do  not  see  why  this  report  cannot  be  adopted,  provided  it  is 
not  unconstitutional.  I  think  if  Mr.  Cassell  or  some  of  the  others 
would  make  a  motion  that  this  be  referred  back  te  the  Committee  to 
report  on  the  legal  status  of  it,  they  could  report  back  at  our  meet- 
ing to-morrow  or  next  day,  when  we  can  get  farther  along  with  it. 

Frank  K.  Chew  :  I  make  a  motion  that  the  amendment  be 
referred  back  to  those  who  submitted  it  to  meet  the  views  that  have 
been  given  here. 

The  motion  was  seconded. 

Walter  S.  Timmis:  There  is  no  doubt  in  the  minds  of  those 
present  that  the  various  Chapters  should  have  recognition.  I  am  in 
favor  of  referring  this  back  to  the  members  who  signed  the  docu- 
ment, and  such  other  members  as  the  President  may  designate. 

Charles  Morrison  :  If  the  amendment  is  made  and  it  is  neces- 
sary that  there  be  but  twelve  members,  let  New  York  and  vicinity 
select  six  of  them,  or  perhaps  seven,  and  if  there  are  five  local 
Chapters,  let  each  be  represented  by  a  delegate.  , 

If  there  is  any  way  that  the  local  Chapter  will  lose  the  opportunity 
for  its  best  efforts,  it  is  to  have  a  Council  member  elected  from  its 
section  that  is  not  associated  with  the  local  Chapter;  one  that  is  not 
interested,  and  will  not  be  a  representative  of  the  Chapter.  I 
would,  therefore,  like  to  have  the  Committee  consider  this  propo- 
sition. 

Homer  Addams:  One  of  the  things  that  might  result  would  be 
that  the  Council  would  be  too  big  so  that  we  might  experience  some 
difficulty  in  having  a  quorum  at  each  meeting.  Now  we  require 
four  and  some  of  our  members  must  make  it  a  point  to  attend  all 
the  meetings  of  the  Council.  Frequently  our  Council  members 
must  neglect  their  families  to  accommodate  the  needs  of  the  Coun- 
cil in  forming  a  quorum.     We  have  not  enough  members  adjacent 
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to  New  York  City,  and  so  there  are  the  few  New  York  members 
who  must  look  after  the  work. 

If  the  Council  were  made  very  large,  there  might  still  be  difficulty 
in  arranging  for  a  quorum,  for  then  four  would  not  be  considered 
enough.  We  should  have  a  larger  representation  in  New  York  and 
New  Jersey,  because  the  work  has  to  be  done  by  these  members. 
While  I  am  strong  for  Chapter  representation  on  the  Council,  I  am 
sure  that  if  we  pass  an  amendment  that  will  open  the  door  to  this 
Chapter  membership,  later  when  we  have  more  chapters — they  are 
growing  very  rapidly — we  will  get  an  administrative  body  that  will 
be  very  cumbersome. 

It  seems  to  me  that  if  the  Chapters  have  access  to  what  is  going 
on,  in  the  form  of  a  corresponding  membership,  perhaps,  it  would 
be  the  best  thing.  I  wonder  if  something  could  not  be  done  to  make 
this  associate  membership  of  the  Council  flexible  so  that  every  time 
an  additional  Chapter  is  formed,  no  trouble  will  arise  concerning 
the  subject  of  their  representation.  If  we  don't  provide  for  some- 
thing like  this  we  will  be  continually  amending  our  Constitution. 

F.  K.  Davis  :  It  has  occurred  to  me  that  we  might  change  the 
Constitution  in  regard  to  the  Chapters  so  that  the  President  of  the 
Chapter  shall  be  an  ex-officio  member  of  the  Council  of  the  Society, 
without  a  vote.  That  would  seem  to  cover  the  question,  for  as  a 
rule,  a  Chapter  could  not  have  any  better  delegate  than  its  President. 

Charles  Morrison  :   The  Massachusetts  Chapter  agrees  in  that. 

Frank  T.  Chapman  :  I  wish  to  call  attention  to  the  fact  that  we 
have,  at  this  meeting,  decided  to  institute  the  office  of  Local  Sec- 
retary. Through  the  medium  of  the  Local  Secretary,  a  great  deal 
of  what  the  Eastern  Pennsylvania  Chapter  wants  to  accomplish  for 
the  good  of  the  Society,  can  be  carried  out.  I  think  the  whole  ques- 
tion is  one  of  great  interest  and  one  that  is  valuable.  But  it  is  too 
important  a  matter  to  be  decided  on  ofif-hand,  or  too  quickly,  and  I 
hope  that  it  will  be  referred  to  the  Committee.  The  Committee 
should  examine  into  the  whole  question  fully  and  report  their  sug- 
gestions in  order  that  when  action  is  taken,  it  will  be  wisely  taken.- 

The  President:  There  is  no  reason  for  the  Chapters  to  feel 
that  the  Council  is  not  interested  in  their  work,  and  would  not  be 
glad  to  receive  any  recommendations  they  may  have  to  make. 
If  they  would  like,  the  Council  work  could  be  so  arranged  that  each 
Chapter  would  be  advised  in  advance  of  any  radical  changes  that 
were  to  be  considered  at  the  Council  meeting.  The  Chnntcrs  hold 
meetings  every  month  and  so  does  the  Council  generally,  and  it 
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could  be  arranged  to  give  notice  to  the  Chapters  so  that  if  they  have 
any  recommendations  to  make  to  the  Council,  there  would  be  an 
opportunity. 

Arthur  K.  Ohmes  :  I  make  a  motion  that  the  Council  be  ordered 
by  the  members  here  to  see  that  the  Chapters  receive  the  announce- 
ments of  its  meetings  and  also  the  minutes  of  the  Council  meetings. 

Let  the  Secretary  send  the  minutes  of  the  Council  to  the  Presidents 
of  the  Local  Chapters.  That  would  satisfy  their  desire  until  this 
matter  could  be  thrashed  out. 

Frank  K.  Chew  :  I  would  support  that  motion,  that  the  Chapters 
are  to  get  the  call  for  the  meetings,  and  then  the  minutes  of  the 
Council  meeting  after  it  is  held. 

The  President:  Are  there  any  objections?  The  motion  as  we 
are  to  vote  on  it  is  that  this  matter  be  referred  back  to  the  Commit- 
tee that  presented  it,  for  any  change  necessary  to  render  it  consti- 
tutional ;  and  that  pending  any  change  in  the  Constitution  regarding 
representation  of  the  Chapters  on  the  Council,  the  call  for  the  meet- 
ings of  the  Council  and  the  minutes  of  the  meeting  be  sent  to  each 
Chapter. 

The  motion  was  put  to  vote  and  carried. 

The  President:  We  have  an  application  for  a  local  Chapter 
from  Kansas  City,  Mo.    The  Secretary  will  read  the  application : 

APPLICATION  FOR  CHAPTER 

Kansas  City,  Mo.,  Dec.  2,  1916 

To  The  American  Society  of  Heating  and  Ventilating  Engineers. 
New  York  City,  N.  Y. 

Gentlemen : — 

We,  the  undersigned  members  of  The  American  Society  of  Heating  and 
Ventilating  Engineers,  respectfully  beg  to  present  herewith  our  petition  for 
a  Charter  in  order  that  we  may  organize  a  local  Chapter  of  the  Society  at 
Kansas  City,  Mo.  Our  objects  in  organizing  this  Chapter  are  quite  explicitly 
covered  in  the  p'aragraph  under  Incorporation,  as  given  on  page  82  of  the 
1916  Year  Book,  and  if  the  charter  be  granted  us,  we  herewith  promise  to  abide 
by  all  the  regulations  as  set  forth  under  Article  IX,  on  Local  Chapters,  as 
indicated  on  pages  95  and  96  of  the  said  Year  Book. 

It  is  our  desire  that  the  name  of  the  local  Chapter,  if  charter  be  granted  us, 
be  the  Kansas  City  Chapter  of  the  American  Society  of  Heating  and 
Ventilating  Engineers.  Our  preference  for  this  title  is  based  upon  the  fact 
that  Kansas  City  is  located  on  the  extreme  western  edge  of  the  State  of 
Missouri,  and  as  we  desire  to  influence  legislation  in  the  State  of  Kansas 
toward  the  installation  of  more  eflicient  heating  plants,  our  local  Chapter,  we 
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believe,  would  have  greater  strength  for  this  purpose  than  were  it  designated 
the  Missouri  Chapter  or  Western  Missouri  Chapter.  Also  we  expect  to  draw 
upon  Kansas  City,  Kansas,  located  directly  across  the  state  line. 

In  the  anticipation  that  a  Charter  will  be  granted  us,  we  have  already  taken 
steps  to  provide  for  a  good  strong  working  membership,  and  have  sent  in  14 
applications  for  membership  to  the  Society  to  date.  We  are  assured  of  sev- 
eral more  and  the  indications  are  that  upon  our  permanent  organization,  we 
will  have  a  working  strength  of  at  least  25  members,  and  this  body,  we 
believe,  will  not  only  lend  (Strength  to  the  Society  in  this  part  of  the  United 
States,  but  should  be  able  to  advance  the  arts  and  sciences  connected  with  the 
heating  and  ventilating  industry,  the  advancement  of  such  arts  being 
perhaps  the  primary  purpose  leading  to  the  organization  of  our  Society. 

Respectfully  submitted, 

John  H.  Kitchen  E.  A.  Cline 

Wm.  Mallis  R.  F.  Taylor 

J.  M.  Kent  Prof.  J.  D.  Hoffman 

B.  Natkin  Benj.  a.  Broom 

H.  W.  Whitten  L.  L.  Byson 

F.  A.  DeBoos  B.  R.  Hull 

The  President:  This  application  has  been  referred  to  the 
Council  and  the  Council  voted  that  recommendation  be  made  to  this 
meeting  to  grant  the  charter  to  Kansas  City. 

A  motion  was  made  and  seconded  that  the  Kansas  City  charter 
be  granted. 

Benj.  Natkin  :  The  reason  that  led  us  to  request  this  charter, 
was  that  we  had  seven  members  of  the  Society  in  Kansas  City,  and 
we  saw  the  need  of  combining  to  increase  the  cause  of  the  science 
in  that  district.  So  we  assembled  the  seven  members  and  made  a  list 
of  a  possible  twenty  candidates  that  we  might  get  into  the  Society. 
Ten  days  later  we  sent  in  fifteen  signed  applications  for  member- 
ship, and  since  that  time  we  have  had  five  more. 

As  we  had  only  seven  members  in  Kansas  City  at  the  time,  we 
had  to  call  on  some  Nebraska  members  to  secure  the  required 
number  of  ten  to  make  application  for  the  Chapter,  and  they  con- 
sidered it  desirable  to  join  our  movement.  We  have  a  live  crowd,. 
our  men  are  all  known  to  each  other,  and  this  gives  us  an  oppor- 
tunity of  getting  together  to  improve  conditions  in  Kansas  and 
Missouri.  The  reason  we  call  it  the  Kansas  City  Chapter  is  be- 
cause of  our  work  in  the  State  of  Kansas. 

We  desire  to  tliank  the  Council  for  approving  the  application  for 
charter,  and  in  due  time  we  will  show  that  we  appreciate  it  and  will 
produce  results  for  the  good  of  the  Society. 

The  motion  that  the  charter  be  granted  was  put  to  vote  and  carried. 
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The  President:  I  think  the  Kansas  City  Chapter  should  be 
congratulated  on  taking  this  step.  I  am  sure  we  will  hear  from  them 
now  more  than  we  have  in  the  past. 

Next  the  report  of  the  Tellers  of  Election  will  be  received : 

REPORT  OF  TELLERS 

F.  K.  Davis:  We  desire  to  report  that  of  2T0  ballots  received, 
21  were  rejected  because  they  either  had  no  interior  envelopes,  or 
were  not  signed.  Of  the  remaining  249  votes  cast,  the  following 
were  cast  for  President :  J.  I.  Lyle,  346 ;  Harry  M.  Hart,  1 ;  Frank 
T.  Chapman,  1 ;  and  Henry  C.  Meyer,  1. 

For  First  Vice-President :  Arthur  K.  Ohmes,  2-48 ;  and  Arthur 
Ritter,  1. 

For  Second  Vice-President:  Fred  R.  Still,  248;  and  Bert  C. 
Davis,  1. 

For  Treasurer:   Homer  Addams,  249. 

For  members  of  Council :  Davis  S.  Boy  den,  242 ;  Milton  W. 
Franklin,  249 ;  Bert  C.  Davis,  249 ;  Charles  A!  Fuller,  240 ;  Dr.  E. 
Vernon  Hill,  249  ;  Harry  M.  Hart,  249 ;  James  M.  Stannard,  247 ; 
Walter  S.  Timmis,  249;  Geo.  W.  Barr,  1;  W.  L.  Bronaugh,  1; 
Frank  T.  Chapman,  1 ;  Wm.  H.  Chenoweth,  1 ;  F.  I.  Cooper,  4 ;  E. 
L.  Hogan,  1 ;  Wm.  W.  Macon,  2 ;  E.  R.  Stone,  6. 

F.  K.  Davis,  j 

James  E.  Degan,     V     Tellers. 

F.  Van  Inwagen,    ) 

The  President  :  It  becomes  my  pleasure  to  announce  as  offi- 
cers for  the  coming  year  : 

President:    J.  Irvine  Lyle,  39  Cortlandt  St.,  New  York. 
First  Vice-President:   Arthur  K.  Ohmes,  101  Park  Ave.,  New  York 
Second  Vice-President :    Fred  R.  Still,  1400  Russell  St.,  Detroit,  Mich. 
Treasurer:    Homer  Addams,  47  West  42nd  St.,  New  York. 

Members  of  the  Council: 

Davis  S.  Boyden,  39  Boylston  St.,  Boston,  Mass. 

Bert  C.  Davis.  157  Falck  St.,  Elmira,  N.  Y. 

Milton  W.  Franklin,  188  No.  Walnut  St.,  E.  Orange,  N.  J. 

Charles  A.  Fuller,  101  Park  Ave.,  New  York. 

Harry  M.  Hart,  330  So.  Sherman  St.,  Chicago,  111. 

E.  Vernon  Hill,  7C4  City  Hall,  Chicago,  111. 

James  M    Stannard,  Monadnock  Block,  Chicago,  111. 

Walter  S.  Timmis,  315  Fifth  Ave.,  New  York. 
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The  President:  We  have  two  papers  scheduled  for  this  session; 
the  first  one  is :    Railway  Passenger  Car  Heating,  by  E.  W.  Rietz. 

The  paper  was  read  by  the  Secretary.  It  was  then  discussed  by 
F.  K.  Davis,  James  H.  Davis,  Arthur  K.  Ohmes  and  William  Kent. 

A  motion  was  made  that  it  was  the  wish  of  the  meeting  to  tender 
to  Mr.  Rietz  its  thanks  for  presenting  this  paper  to  the  Society, 
which  was  seconded  and  carried. 

The  session  then  adjourned  until  evening,  it  having  been  an- 
nounced by  the  President  that  the  second  paper  scheduled  for  this 
session  would  be  deferred  until  the  evening  session,  preceding  the 
symposium  on  Methods  of  Testing  Heating  Boilers. 

SECOND  SESSION TUESDAY  EVENING,  JANUARY   16,   1917 

The  President:  The  first  subject  of  the  evening  will  be  the 
paper  postponed  from  the  afternoon  session  which  is  entitled : 
Some  Notes  on  Warm  Air  Furnace  Heating,  by  Jesse  M.  McHenry. 

The  paper  was  read  by  the  Secretary.  It  was  then  discussed  by 
Prof.  T.  R.  Allen  and  William  Kent. 

The  President  :  We  shall  now  proceed  to  the  topic  of  the  even- 
ing: Methods  of  Testing  Heating  Boilers.  A  Committee  has  been 
appointed  by  New  York  Chapter  to  present  recommendations  to 
the  Society  in  reference  to  the  establishment  of  a  code  for  the  test- 
ing of  heating  boilers.  The  Chairman  of  that  Committee  will  now 
read  the  report. 

The  report  of  the  Committee  was  read  by  Percival  H.  Seward 
and  was  discussed  by  Prof.  J.  R.  Allen,  J.  F.  Mclntire,  Arthur  K. 
Ohmes,  James  A.  Donnelly,  F.  K.  Davis,  William  Kent,  J.  D. 
Cassell,  A.  Merzanofif,  Homer  Addams,  W.  F.  Goodnow,  J.  Irvine 
Lyle,  R.  A.  WolfT,  Wm.  H.  McKiever,  P.  H.  Seward,  Theo.  Wein- 
shank  and  Frank  K.  Chew. 

The  session  then  adjourned  until  the  following  morning. 

third   session WEDNESDAY    A.    M.,   JANUARY    17,    1917 

The  President:  This  .session  is  devoted  in  part  to  consideration 
of  the  durability  of  materials.  The  first  paper  is  entitled :  Some 
Thoughts  on  the  Durability  of  Materials  for  Conveying  Steam, 
Water  and  Air,  by  a  Member. 
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The  paper  was  read  by  the  Secretary.  It  was  then  discussed  by 
J.  Irvine  Lyle,  Frank  K.  Chew,  F.  N.  Speller,  James  Otis,  J.  J.  Black- 
more,  James  H.  Davis,  Theo.  Weinshank  and  Geo.  B.  Nichols. 

The  President:  The  first  two  papers  of  this  morning's  session 
bear  on  the  same  subject,  and  before  we  go  any  further,  we  will 
have  Mr.  Speller's  paper  read  and  discuss  the  two  together.  This 
second  paper  is  entitled :  Method  of  Practical  Elimination  of  Cor- 
rosion in  Hot  Water  Supply  Pipe,  by  F.  N.  Speller. 

The  paper  was  read  by  the  author.  It  was  then  discussed  by  J.  J. 
Blackmore,  James  H.  Davis,  Theo.  Weinshank,  W.  H.  Carrier, 
William  Wilcox,  J.  R.  McColl  and  Prof.  J.  R.  Allen. 

The  President  :  I  will  now  call  on  Prof.  John  R.  Allen  to  pre- 
sent the  results  of  a  series  of  investigations  that  he  has  carried  out 
on  comparisons  of  pipe  coil  and  other  surfaces,  in  determining  the 
efficiency  of  heating  surfaces.  Prof.  Allen  has  prepared  a  paper 
on  the  subject  but  it  was  not  completed  in  time  for  publication  in 
the  January  issue  of  the  Journal.  He  will,  therefore,  present  the 
paper  with  the  aid  of  lantern  slides. 

The  paper  was  presented  in  abstract  by  the  Author  with  the  aid 
of  lantern  slides.  It  was  then  discussed  by  W.  H.  Carrier,  J.  J. 
Blackmore,  and  Prof.  Allen. 

The  meeting  then  adjourned  until  the  afternoon  session. 

FOURTH  SESSION — WEDNESDAY  P.   M.,  JANUARY  17,  1917 

The  President  :  This  session  will  be  devoted  for  the  greater 
part  to  district  heating  topics  and  the  first  paper  will  be  The  Trans- 
mission of  Steam  in  the  Central  Heating  System,  by  J.  H.  Walker. 

The  paper  was  read  in  abstract  by  the  Author  and  it  was  dis- 
cussed by  J.  R.  McColl,  Ralph  Collamore,  Prof.  J.  R.  Allen,  H.  M. 
Hart  and  the  Author. 

The  President  :  The  next  paper  on  the  program,  entitled :  Effi- 
ciency of  Underground  Conduits,  by  Geo.  B.  Nichols,  will  be  read 
by  the  Author. 

The  paper  was  read  by  the  Author  and  it  was  discussed  by  J.  H. 
Walker,  Prof.  J.  R.  Allen,  L.  B.  McMillen,  W.  H.  Wells,  Chas.  A. 
Fuller,  H.  M.  Hart,  Prof.  J.  R.  Allen,  J.  R.  McColl,  and  the  Author. 
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The  President  :  Before  proceeding  further  with  the  program 
for  this  session,  I  now  desire  to  call  for  the  paper  deferred  from 
this  morning's  session,  on  the  subject  of  Windows,  by  Dr.  E.  V. 
Hill. 

The  paper  was  read  in  abstract  by  the  Author.  It  was  then  dis- 
cussed by  H.  M.  Hart  and  Dr.  Hill. 

The  President  :  The  next  paper  is  by  Wm.  J.  Baldwin  en- 
titled :  An  Improvement  in  Ventilating  Apparatus. 

The  paper  was  read  by  the  Author  and  it  was  discussed  by  M.  S. 
Cooley,  J.  B.  Collins,  and  the  Author,  and  then  followed  an  actual 
demonstration  of  the  separating  action  of  the  blower  fan,  the 
action  being  to  separate  the  water  from  the  air  delivered  even  when 
forced  into  the  fan  suction  in  the  form  of  a  dense  spray. 

The  President  :  We  have  several  topics  for  discussion  and  we 
will  take  up  first  that  which  was  scheduled  for  this  morning's  session 
on  Heat  Transmission  through  Various  Types  of  Sash.  A  very 
interesting  paper  on  this  subject  was  presented  before  the  Annual 
Meeting  of  The  American  Society  of  Mechanical  Engineers  in  De- 
cember, 1916,  by  Arthur  N.  Sheldon,  and  an  abstract  of  the  paper^ 
was  published  in  Engineering  Review  section  of  the  January  issue 
of  the  Journal. 

The  abstract  of  the  paper  was  read  by  the  Secretary  and  the  topic 
was  discussed  by  Wm.  J.  Baldwin,  F.  K.  Davis,  Prof.  J.  R.  Allen, 
H.  M.  Hart  and  M.  S.  Cooley. 

The  President:  As  we  have  time  for  another  topic,  I  will  call 
upon  Dr.  E.  V.  Hill  for  an  explanation  and  discussion  of  a  very  inter- 
esting chart  that  he  has  worked  up  in  connection  with  the  Sanitary 
Board  of  Chicago,  on  interior  air  conditions. 

Dr.  Hill  distributed  copies  of  the  chart,  entitled  Synthetic  Air 
Chart,  and  explained  its  use  in  the  testing  of  air  conditions  in  build- 
ings. The  topic  was  discussed  by  Prof.  R.  C.  Carpenter,  Wm.  J. 
Baldwin,  Frank  K.  Chew,  Chas.  R.  Bishop,  H.  M.  Hart  and  Dr. 
Hill 

The  session  then  adjourned  until  the  following  morning. 

'  Ste    p.    219    of    this   volume    of    Transactions. 
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FIFTH   SESSION — THURSDAY  A.   M.,  JANUARY   18.    1917 

The  President:.  This  session,  which  is  devoted  to  the  subject  of 
Drying,  comprises  three  papers  and  as  the  second  on  the  program 
differs  from  the  others  in  that  it  relates  to  the  use  of  gas  for  drying 
I)urposes,  it  will  be  presented  first.  This  paper  is  entitled :  Arti- 
ficial Drying,  with  Special  Reference  to  the  Use  of  Gas,  by  Gilbert 
C  Shadwell. 

The  paper  was  presented  in  abstract  by  the  Author.  It  was  then 
discussed  by  James  H.  Davis,  J.  F.  Mclntire,  M.  W.  Franklin,  L.  J. 
Piatt,  W.  H.  Carrier  and  the  Author. 

The  President  :  The  next  paper  is  Drying  by  Evaporation,  by 
Fred  R.  Still. 

The  paper  was  presented  in  brief  by  the  Author. 

The  President  :  We  will  have  the  next  paper  read  immediately 
and  the  two  papers  discussed  together.  The  next  paper  is :  Drying 
in  Industrial  Plants,  by  J.  O.  Ross. 

The  paper  was  read  by  the  Secretary. 

The  two  Drying  papers  were  then  discussed  by  J.  R.  McColl, 
J.  W.  H.  Myrick,  H.  M.  Hart,  F.  K.  Davis,  W.  H.  Carrier,  W.  L. 
Fleisher,  and  Fred  R.  Still. 

Frank  K.  Chew  :  Two  of  the  interesting  papers  presented  at  this 
session  on  Drying  were  prepared  by  non-members.  In  view  of  their 
importance,  I  think  we  may  well  waive  the  established  custom  in  the 
Society  of  not  offering  thanks  for  professional  papers  and  give  these 
gentlemen  a  hearty  vote  of  thanks. 

I  move  that  a  vote  of  thanks  be  extended  to  Mr.  Shadwell  and 
Mr.  Ross  for  their  papers,  which  have  proved  so  interesting. 

The  motion  was  seconded  and  carried. 

The  President:  Notice  was  received  yesterday  of  the  death  of 
one  of  our  Past-Presidents,  A.  E.  Kenrick,  of  Boston,  Mass.  He 
passed  away  yesterday,  Wednesday,  January  17th,  and  his  funeral 
will  be  held  at  Brookline  on  Saturday,  January  20th,  at  2  P.  M. 

Mr.  Kenrick  was  President  of  the  Society  in  1902-1903. 

Frank  K.  Chew  :  Mr.  Kenrick  was  not  a  charter  member  of  the 
Society,  but  came  in  early  in  1895,  and  for  a  number  of  years  while 
it  was  young,  he  knew  of  its  troubles.     There  was  a  time  when  one 
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hundred  members  in  good  standing  was  a  good  membership;  in  fact 
it  went  along  like  that  for  about  ten  years.  At  the  tenth  Annual 
Meeting,  when  Andrew  Harvey  was  President,  some  thought  it 
would  be  nice  to  bring  the  Society  out  of  debt  to  commemorate  the 
anniversary.  For  several  years  Secretary  Mackay  had  been  ad- 
vancing money  to  run  the  Society — it  is  in  a  large  measure  due  to 
him  that  the  Society  exists  today — and  Mr.  Kenrick  constituted 
himself  the  chairman  of  a  committee  to  collect  from  the  members 
the  sum  that  was  necessary  to  put  the  Society  right  in  its  ledger.  He 
found  one  member  who  intended  to  make  good  any  deficiency  be- 
tween his  collections  and  the  necessary  amount  of  $300.  The  com- 
mittee worked  for  some  months  and  finally  Mr.  Kenrick  sent  in  his 
check  for  $122.00  to  make  up  the  amount  necessary  to  place  the 
Society  financially  even. 

No  one  ever  took  a  greater  pride  than  Mr.  Kenrick  in  the  fact 
that  the  Society  could  pay  its  bills.  When  the  Society  wanted  to 
repay  him  this  donation,  later,  he  said :  "If  you  want  to  do  something 
for  the  Society,  all  right,  but  you  can't  pay  me  that  money."  So 
the  committee  purchased  a  loving  cup  and  presented  it  to  him.  He 
always  found  pleasure  in  attending  the  meetings,  and  it  is  only 
recently  that  he  has  not  been  in  attendance. 

A  great  deal  of  the  friendly  relation  between  the  National  Asso- 
ciation of  Master  Steam  and  Hot  Water  Fitters  and  this  Society 
is  due  to  the  activities  of  Mr.  Kenrick.  He  was  very  anxious  that 
the  two  organizations  should  be  on  good  terms,  and  he  did  much 
good  work  for  this  Society. 

I  preface  my  motion  with  these  remarks  so  that  some  of  the  new 
members,  those  not  familiar  with  Mr.  Kenrick,  will  know  something 
of  the  man  and  what  he  has  done. 

I  now  make  a  motion  that  the  Society  request  the  Council  to  pre- 
pare a  suitable  resolution  to  be  sent  to  Mr.  Kenrick's  family,  and  to 
appoint  the  Massachusetts  Chapter  as  our  representative  at  his  fu- 
neral to  show  his  family  the  respect  in  which  the  Society  held  Mr. 
Kenrick. 

The  motion  was  seconded  and  carried. 

Henry  B.  Gomcers:  I  was  personally  acquainted  with  Mr. 
Kenrick  and  I  think  that  as  secretary  of  the  National  Association 
of  Master  Steam  and  Hot  Water  Fitters,  with  which  he  was  closely 
associated,  I  might  add  something  to  Mr.  Chew's  remarks,  be- 
cause Mr.  Kenrick  held  a  unique  record. 

He  was  the  one  man  who  had  attended  all  of  the  twenty-eight 
national  conventions  of  the  Master  Steam  and  Hot  Water  Fitters, 
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and  I  do  not  know  of  any  other  man  who  holds  that  distinction  in 
any  other  organization.  His  record  is  also  unique  in  that  at  the  time  he 
was  president  of  the  National  Association  of  Master  Steam  and  Hot 
Water  Fitters,  he  was  also  President  of  this  Society.  I  do  not  know 
of  any  other  man  who  holds  that  sort  of  record ;  in  other  words, 
being  President  at  the  same  time  of  two  organizations  that  are  so 
closely  related,  and  yet  entirely  separate,  each  having  its  own  func- 
tion to  perform. 

Many  years  ago  Mr.  Kenrick  filled  up  a  gap  in  the  treasury  of  the 
Society,  which  was  an  act  that  not  many  men  would  have  performed 
under  all  the  circumstances  and  conditions  that  confronted  the 
Society  at  the  time.  Mr.  Kenrick  was  responsible  for  bringing  into 
this  Society  many  members  of  our  organization  who  would  have 
remained  aloof  from  it,  owing  to  incidents  that  happened  in  the 
earlier  days.  A  great  deal  of  credit  is  due  him  for  this.  He  was  a 
loyal  man  and  dependable.  I  have  full  knowledge  of  these  character- 
istics in  our  organization,  as  in  this. 

Mr.  Kenrick  was  born  in  1851,  and  would  have  been  66  years  old 
this  February.  H  nothing  has  been  done  regarding  some  tangible 
expression  of  our  sentiment  and  sympathy,  I  might  suggest  that 
flowers  be  sent  to  Mr.  Kenrick's  funeral,  as  he  was  a  past  officer. 

I  would  therefore  make  a  motion  that,  in  addition  to  Mr.  Chew's 
suggestion  as  to  a  message  of  condolence,  flowers  be  sent  to  Mr. 
Kenrick's  funeral  which  will  be  held  at  Gorham  Ave.,  Brookline, 
Mass. 

The  motion  was  seconded  and  carried. 

The  President  :  We  have  a  communication  from  the  Massa- 
chusetts Board  of  Education  requesting  co-operation  of  the  Society. 
The  Secretary  will  read  the  letter  : 

To  The  American  Society  of  Heating  &  Ventilating  Engineers, 
New  York  City. 

Gentlemen : — 

The  National  Association  of  School  Accounting  Officers  at  its  last  meeting 
held  in  the  City  of  Des  Moines,  Iowa,  considered  and  adopted  a  report  from 
the  Special  Committee  appointed  to  study  the  subject  of  school  building 
measurement  and  cubical  contents.  This  report  was  submitted  in  print,  and 
for  your  information  a  copy  is  attached  herewith. 

Recently  at  a  meeting  of  the  American  Institute  of  Architects  a  com- 
mittee was  appointed  to  meet  a  like  committee  of  the  above  association  for 
considering  some  amendments  to  this  report.  The  subject  is  of  such  impor- 
tance that  the  writer  does  not  believe  anything  should  be  adopted  which 
involves  the  interest  of  so  many  without  giving  your  Society  the  opportunity 
of  being  represented. 
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Although  unauthorized  by  the  above  association  or  its  officers,  but  believing 
that  I  represent  both,  I  respectfully  request  that  your  Society  consider  this 
report  and  appoint  a  committee  with  full  power  to  meet  a  committee  from 
both  the  National  Association  of  School  Accounting  Officers  and  the 
American  Institute  of  Architects  and  agree  upon  a  standard  of  school  build- 
ing measurements,  and  cubical  contents.  By  so  doing,  you  will  enable  every- 
body interested  in  the  subject  of  schoolhouse  construction  to  reason  from  the 
same  standpoint  when  attempting  to  make  a  comparison  of  cost  of  school- 
house  construction,  and  thus  avoid  much  of  the  confusion  which  exists 
because  of  the  lack  of  standards,  and  by  the  use  of  ambiguous  terms. 

Mr.  Herbert  L.  Patterson,  Schoolhouse  Department,  City  Hall,  Boston, 
Mass.,  the  Chairman  of  this  committee,  will  gladly  receive  the  result  of  your 
action  and  call  the  committees  of  the  three  organizations  together  for  action 
at  an  early  date. 

Very  truly  yours, 

(Signed)     Edw.  C.  Baldwin,  Agent, 

Massachusetts  Board  of  Education. 

F.  I.  Cooper  :  I  make  the  following  motion :  That  a  committee 
of  five  members  be  appointed  by  the  chair,  to  co-operate  with  the 
National  Association  of  School  Accoimting  officers,  the  American 
Institute  of  Architects,  and  the  Committee  on  Standardization  of 
School  Buildings  of  the  Department  of  Administration  of  the  Na- 
tional Educational  Association,  for  the  purpose  of  investigating  and 
deciding  upon  standards  of  measurements  in  connection  with  the 
measurement  and  tabulation  of  school  buildings.  This  Committee 
to  have  full  power  to  act. 

The  motion  was  seconded  and  carried. 

There  being  no  further  business,  the  meeting  adjourned  until  the 
afternoon  session. 

SIXTH  SESSION — THURSDAY  P.  M.,  JANUARY  18,  1917 

The  President:  The  first  of  this  session  is  on  the  Heating  and 
Ventilating  Equipments  of  the  Philadelphia  Public  School  Build- 
ings, by  J.  D.  Cassell. 

The  paper  was  presented  in  brief  by  the  Author.  It  was  then  dis- 
cussed by  F.  G.  McCann,  J.  R.  McColl,  H.  M.  Hart,  D.  S.  Boyden, 
A.  K.  Ohines,  F.  K.  Davis,  and  the  Author. 

The  President:  The  next  paper  is  on  Heating  and  Ventilating 
a  Portable  School  House,  by  J.  R.  McColl. 

The  paper  was  presented  by  the  Author  and  it  was  then  discussed 
by  J.  D.  Cassell,  H.  M.  Hart,  L.  C.  Soule,  Frank  K.  Chew,  and  the 
Author. 
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The  President:  The  last  paper  on  the  program  of  this  Meeting 
is  entitled :  Remodeling  the  X'^entilation  of  a  Theatre,  by  Samuel  R. 
Lewis. 

The  paper  was  read  by  the  Secretary  and  it  was  discussed  by 
James  H.  Davis  and  H.  M.  Hart. 

The  President  :  I  now  desire  to  take  up  as  special  business,  the 
question  of  the  possibility  of  establishing  a  fellowship  in  some  uni- 
versity by  this  Society.  Probably  we  can  do  no  more  than  to  ap- 
point a  committee  to  investigate  and  present  a  report,  but  we  must 
make  a  start. 

J.  Irvine  Lyle  :  I  do  not  think  we  can  ever  have  too  much  re- 
search. Every  one  in  the  industry  and  in  the  country  will  benefit  by 
it.  I  think  the  economic  position  of  this  country  depends  upon  the 
research  that  is  made  along  the  line  of  arts  and  manufacture 
that  is  to  be  developed  in  this  country. 

During  the  last  two  and  one-half  years,  we  have  heard  a  great 
deal  about  Germany's  preparedness.  To  my  mind  their  economic 
and  business  preparedness  is  a  higher  aim  than  their  military  pre- 
paredness, although  that  was  the  finest  in  the  world.  It  is  well  known 
that  Germany  was  conquering  the  markets  of  the  world,  and  was 
doing  it  scientifically  by  discovering  economic  ways  of  manufacture 
and  business. 

I  feel  it  would  be  a  great  thing  if  this  Society  would  eistablish  a 
chair  of  research  in  one  of  the  universities.  There  are  many  prob- 
lems to  be  solved  through  the  use  of  the  research  laboratory  that  no 
experience  would  exactly  duplicate.  The  agricultural  investigations 
by  the  Government  have  had  many  things  duplicated,  but  the  re- 
sults do  not  necessarily  come  out  the  same,  as  the  factors  taken  into 
account  are  not  always  the  same.  I  am  heartily  in  favor  of  this 
proposal. 

Arthur  K.  Ohmes:  I  would  like  to  ask  how  this  question  came 
about  ? 

Frank  K.  Chew  :  At  the  meeting  of  the  New  York  Chapter 
when  the  question  of  a  code  for  the  testing  of  heating  boilers  came 
up,  it  was  suggested  that  there  should  be  some  place  where  tests 
could  be  conducted  in  accordance  with  the  provisions  of  the  code. 

Prof.  Allen  has  stated  that  the  University  of  Michigan  would  be 
at  the  disposal  of  the  Society.  There  would  possibly  be  some  ex- 
penses which  it  would  be  creditable  for  the  Society  to  meet  by  main- 
taining a  fellowship.  . 


Twenty-third  Annual  Meeting  53 

The  President  :  Arthur  K.  Ohmes  presented  a  paper  at  a 
•recent  Annual  Meeting  on  an  institution  in  Germany  for  the  advance- 
ment of  the  heating  and  ventilating  art,  and  at  that  time  a  motion  was 
made  that  a  committee  be  appointed  to  look  into  the  possibility  of 
the  establishment  of  a  school  of  research.  The  Council  di-d  not  feel 
that  the  Society  was  in  shape  to  estabHsh  such  a  school,  and  the 
committee  was  not  appointed,  in  view  of  this.  But  at  a  recent 
meeting,  the  matter  came  up  again  in  view  of  some  investigations 
that  had  been  made  on  the  possibility  of  the  establishment  of  a 
fellowship  chair,  and  the  Council  voted  to  have  the  matter  brought 
up  at  this  meeting  for  discussion  and  possibly  for  action. 

Arthur  K.  Ohmes:  I  do  not  believe  that  the  Society  is  in  shape 
to  spend  money  for  a  bureau  of  testing  and  research.  This  institu- 
tion should  come  by  special  donations ;  a  liberal  spirit  should  be 
shown  as  we  will  all  gain  by  it.  Perhaps  if  we  once  get  started 
seriously  we  can  invite  the  universities  to  help,  or  even  ask  the  Gov- 
ernment for  help.  But  work  of  this  kind  should  be  done  under  the 
auspices  of  The  /\merican  Society  of  Heating  and  Ventilating 
Engineers.  Our  Society  should  be  the  one,  possibly  with  other  in- 
terested bodies,  to  start  this  undertaking.  The  institution  might  be 
called  an  Institution  of  Standards,  Testing  and  Research  for  Heating 
and  Ventilation.  At  present  we  have  committees  on  tests  and  on 
standards,  and  nothing  is  being  done  nor  has  anything  been  done 
for  several  years.  People  do  not  have  the  time ;  their  own  business 
is  first,  and  then  the  Society's  business  comes  afterward,  all  of  which 
is  quite  natural. 

This  requires  money  and  I  am  willing  to  start  in  donating  $50.00 
right  now  for  such  an  institution  as  named  above.  After  we  have 
some  money,  we  can  start  to  do  something,  but  we  should  have  some 
money  first,  and  that  should  come  by  voluntary  contribution. 

F.  K.  Davis  :  The  spirit  of  the  Society  has  been  rather  to  dis- 
courage and  refuse  contributions  from  commercial  concerns,  but 
I  think  we  are  wrong  in  that.  I  should  like  to  see  a  committee 
appointed  to  raise  funds.  I  know  of  institutions  of  learning  that  have 
not  been  lowered  by  accepting  contributions  of  money  to  furnish 
education,  and  I  believe  we  can  collect  money  without  compromis- 
ing ourselves — enough  to  establish  three  or  four  chairs,  if  we  went 
after  it.  It  is  not  unlikely  that  we  could  have  $50,000  in  six 
months.    It  has  been  done  and  it  can  be  done  again. 

Would  a  motion  be  in  order  for  the  appointment  of  a  collection 
committee  to  receive  donations  from  commercial  concerns,  manu- 
facturers and  others? 
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The  President  :  I  would  make  the  suggestion  that  a  committee 
be  appointed  to  formulate  a  concrete  plan  for  this  work,  for  the 
establishment  of  a  fellowship,  formulating  a  plan  both  as  to  how  it 
can  be  financed  and  suggestions  as  to  where  it  should  be  established 
and  what  the  work  should  be. 

I  think  the  suggestion  has  been  made  that  we  might  get  assistance 
from  the  Government.  There  are  various  ways  in  which  funds 
could  be  obtained  to  carry  this  work  on.  I  think  it  would  take  about 
$600  for  the  establishment  of  the  chair,  per  year,  and  about  $1,000 
for  necessary  expenses.  This  means  about  $1,600  per  year.  I 
believe  we  should  start  with  a  committee  to  investigate  some  method, 
and  preferably  without  the  aid  of  contributions  from  manufacturing 
concerns,  but  if  we  have  to  do  this,  I  should  say  it  is  better  than 
having  no  results. 

If  the  question  should  come  up  that  if  one  concern  gave  freely, 
it  would  feel  entitled  to  special  privileges,  it  should  be  made  very 
plain  that  no  special  privileges  would  be  allowed  to  any  one.  But 
I  would  not  consider  money  obtained  in  this  way,  tainted. 

Davis  S.  Boyden  :  Your  last  remarks  are  in  line  with  my  feel- 
ings. I  am  not  fully  informed  as  to  the  details  about  the  fellowship 
chair,  but  I  wish  to  make  a  motion  that : 

A  committee  be  appointed  to  investigate  the  possibility  of  estab- 
lishing a  research  laboratory  on  some  basis,  and  the  ways  and  means 
for  starting  it,  one  member  of  this  Committee  to  be  from  the 
Council. 

Walter  S.  Timmis:  I  will  support  the  motion.  As  I  remember 
it,  this  movement  has  been  started  many  times.  I  have  often  heard 
it  discussed.  The  main  note  was  sounded  by  Mr.  Lyle,  when  he 
drew  attention  to  the  fact  that  the  Government  was  supporting  other 
industries,  and  I  think  such  a  Committee  as  we  have  appointed  to 
represent  the  engineers  will  receive  support  not  only  from,  manu- 
facturers, but  from  men  of  wealth,  as  well  as  from  the  Government. 

There  is  a  movement  on  foot,  looking  toward  the  recognition  of 
the  importance  of  the  work  of  the  engineers  in  this  country,  which  is 
endorsed  by  the  Chamber  of  Commerce  of  the  United  States.  At  a 
dinner  given  by  Mr.  and  IMrs.  Vincent  Astor,  The  Engineer  in 
Americanization  was  the  subject  discussed.  A  paper  has  been  sent 
to  all  those  invited,  written  by  Miss  Frances  Kellar,  calling  attention 
to  the  wonderful  work  done  by  engineers  and  the  small  amount  of 
recognition  they  are  receiving. 

In  support  of  the  motion,  I  would  like  to  draw  attention  to  the 
recognition  which  is  being  given  the  engineer  by  people  of  promi- 
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nence  and  by  the  Chamber  of  Commerce  of  the  United  States.  The 
paper  to  which  I  previously  referred  calls  attention  to  the  fact  that 
the  engineer  is  responsible  for  the  greater  part  of  the  material  wel- 
fare of  the  country. 

M.  W.  Franklin  :  This  question  of  research  is  of  paramount 
importance  to  all  engineers.  Mr.  Lyle's  remarks  about  the  agri- 
cultural activities  of  the  Government  are  much  to  the  point,  but 
there  is  one  small  difference;  the  Government  is  supporting  this  re- 
search at  the  present  time,  and  has  not  taken  the  support  of  the 
engineers.  There  will,  of  course,  be  a  certain  amount  of  inertia 
to  overcome  before  results  can  be  expected.  But  I  do  not  think 
there  is  a  doubt  in  the  minds  of  the  members,  judging  from  their 
discussion,  as  to  the  desirability  of  this  movement.  The  difficulty 
is  in  making  a  beginning — it  is  a  question  of  inertia — but  the  abso- 
lute desirability  of  a  committee  to  investigate  this  subject  is  un- 
questionable. 

After  we  have  once  decided  to  do  something,  there  are  numerous 
ways  to  proceed.  One  is  that  we  accumulate  funds  with  which  to 
prosecute  the  research ;  second,  to  interest  some  university,  either 
with  or  without  support,  to  make  investigations  that  will  be  of  value ; 
and  third,  to  get  the  Government  to  support  this  research  and  under- 
take the  work. 

I  would  make  the  suggestion  that  the  dependence  upon  commer- 
cial concerns  is  slighted.  It  is  treated  in  a  spirit  that  is  not  correct. 
The  large  electrical  concerns  and  commercial  concerns  and  other 
industrial  organizations  are  awakening  to  the  necessity  for  these  re- 
search committees.  The  General  Electric  Company  has  a  research 
organization  that  has  spent  over  $100,000  per  year,  and  I  am  in- 
formed that  they  are  now  prepared  to  spend  over  $1,000,000  for 
research  work.  The  General  Electric  Company  is  so  large,  and  all 
these  things  are  entered  into  so  broadly  that  they  are  independent,  but 
they  collaborate  with  other  concerns  and,  with  the  National  Electric 
Light  Association,  they  have  organized  a  research  laboratory  at 
Nela  Park,  Cleveland,  for  the  benefit  of  engineers  at  large.  We 
should  regard  this  matter  as  a  duty,  and  should  give  it  our  support 
because  of  the  fact  that  the  results  will  benefit  every  one  concerned. 

I  should  make  this  suggestion  as  to  how  we  may  start.  There  are 
industrial  concerns  allied  with  heating  and  ventilation,  which  are 
spending  large  sums  each  year.  Whenever  questions  arise  which  are 
of  interest  to  them  or  to  the  industry  at  large,  they  very  philan- 
thropically  undertake  to  make  investigations  which  are  made  public. 
I  think  we  should  now  approach  these  concerns  in  a  broader  spirit. 
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and  avail  ourselves  of  their  facilities.  They  will  be  willing  to  finance 
or  help  finance  a  laboratory,  or  offer  trained  specialists,  so  that  if  we 
present  probleins,  if  we  give  them  certain  definite  lines  of  investiga- 
tion to  follow,  the  results  of  which  we  feel  would  be  of  benefit  to  the 
science,  they  would  very  gladly  make  these  investigations  and  present 
the  results  to  this  Society.  I  feel  that  the  lines  are  too  closely  drawn 
now.  I  do  not  think  that  we  would  demean  ourselves  in  the  least,  by 
accepting  all  the  help  that  we  could  get  from  these  quarters. 

We  cannot  expect  the  universities  to  do  more  than  allow  us  to 
work  in  their  laboratories.  I  assure  you  that  the  hardest  thing  in 
the  world  for  the  members  to  contribute  is  their  time.  Many  do, 
at  a  sacrifice  to  themselves,  but  I  think  we  should  have  a  committee 
to  collect  all  that  they  can,  and  have  them  read  and  present  the  lines 
of  investigations  in  which  we  are  interested,  either  to  the  college  or 
industrial  concerns  who  carry  them  along,  or  seek  a  means  of  having 
them  carried  on,  and  when  we  have  accomplished  this,  then  we  would 
be  in  a  position  to  approach  the  Government,  able  to  show  some- 
thing that  we  had  done  ourselves. 

A.  M.  Feldman  :  I  am  fully  in  accord  with  this  movement  for 
appointing  a  committee  to  work  out  ways  and  means  for  collecting 
funds  for  the  establishment  of  an  experimental  station  or  laboratory 
where  newly  introduced  apparatus  and  systems  in  connection  with 
heating  and  ventilation  may  be  tried  out  and  authentic  data  gathered 
for  the  benefit  of  the  engineering  fraternity. 

It  would  be  well  to  bear  in  mind  that  there  is  in  existence  an 
Engineering  Foundation  Fund.  It  would  be  advisable  that  this 
Society  place  itself  in  touch  with  that  Foundation  for  information 
and  the  practical  carrying  out  of  the  scheme. 

Fred  R.  Still:  I  have  had  occasion  to  visit  the  Bureau  of 
Standards  in  Washington,  and  have  talked  with  Mr.  Stratton,  the 
Director.  He  complains  that  most  people  do  not  appreciate  the 
facilities  at  their  command,  and  do  not  give  the  Bureau  an  oppor- 
tunity of  doing  all  that  it  might  do.  I  believe  that  in  the  past  year 
the  appropriation  was  several  times  what  it  was  when  the  present 
administration  went  in,  yet  it  is  nothing  like  what  could  be  obtained 
if  full  advantage  was  taken  of  the  Bureau.  In  some  matters  we  have 
taken  there,  it  has  been  astonishing  what  data  and  advice  can  be 
obtained  and  how  far  the  Bureau  will  go.  I  do  not  think  most  of  us 
realize  this. 

.  For  example,  they  took  up  the  investigation  of  the  strength  of 
materials  when  the  bridge  at  Quebec  fell,  and  the  data  which  they 
collected  was  largely  used  as  a  basis  for  the  new  bridge,  so  I  am 
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informed.  Since  the  beginning  of  the  European  war,  they  have 
been  working  on  the  practical  development  in  this  country,  of  the 
dye  industry.  Another  was  the  making  of  crucibles  for  use  in  the 
steel  and  glass  industries ;  for  a  while  it  was  thought  that  we  would 
have  none,  but  the  chemists  of  the  Bureau  found  a  new  material 
out  of  which  it  was  possible  to  produce  them. 

We  can  have  anything  we  want  if  we,  as  a  Society,  will  recom- 
mend it,  and  an  appeal  to  Congress  for  appropriations  will  have  the 
desired  effect  if  it  is  backed  by  the  individual  members  sending 
letters  to  their  respective  congressmen. 

J.  Irvine  Lyle  :  The  American  Society  of  Refrigerating  Engi- 
neers have  been  making  use  of  the  Bureau  of  Standards,  and  have 
been  co-operating  with  the  Bureau.  They  wanted  some  special  in- 
vestigations made  about  two  years  ago,  and  they  appointed  a  com- 
mittee to  go  before  Congress  and  get  the  money  for  the  Bureau. 
They  did  so,  and  had  no  trouble  in  getting  $15,000.  They  found 
that  in  order  to  carry  out  these  investigations,  they  would  need  a 
good  deal  of  refrigerating  apparatus.  I  was  at  the  meeting,  when 
they  told  of  this,  and  one  manufacturer  gave  a  compressor,  another 
cooling  coils,  one  a  brine  tank,  etc.,  and  in  about  five  minutes,  they 
had  had  apparatus  contributed,  I  believe,  to  the  value  of  about 
$10,000.  The  Refrigerating  Engineers  accepted  this,  without  any 
thought  that  these  manufacturers  would  demand  anything.  They 
knew  that  they  were  giving  it  for  the  good  of  the  cause.  The  manu- 
facturers would  have  no  advertising,  except  possibly  what  they  got 
right  in  that  meeting,  because  in  the  records  I  have  never  seen  a 
reference  to  these  donations,  or  any  mention  made  of  them. 

The  motion  was  put  to  a  vote  and  carried. 


60 


Proceedings  of  the 


MEMBERS  AND  GUESTS 

PRESENT    AT 

Twenty-third  Annual  Meeting,  January  16-18,  1917 


Addams,  Homer 
Allen,  John  R. 
Alt,  Harold  L. 
Anderson,  C.  A. 
Armagnac,  A.  S. 
Backus,  T.  H.  L. 
Baldwin,  Wm.  J. 
Barnes,  E.  L. 
Baum,  Albert  L. 
Beatty,  H.  C. 
Beebe,  F.  E.  W. 
Bishop,  Chas.  R. 
Blackmore,  J.  J. 
Bloom,  S.  C. 
Boon,  Geo. 
Boyden,  Davis  S. 
Braemer,  Wm.  G. 
Bradley,  E.   P. 
Carpenter,  A.  E. 
Carpenter,  R.  C. 
Cassell,  J.  D. 
Carrier,  W.  H. 
Chapman,  Frank  T. 
Chenoweth,  Wm.  H. 
Chew,  Frank  K. 
Cooper,  Frank  Irving 
Collamore,  Ralph 
Cooley,  Maxwell  S. 
Cullyford,  Francis  S. 
Cuyler,  D.  H. 
Davis,  Bert  C. 
Davis,  F.  K. 
Davis,  Jas.  H. 
Degan,  Jas.  E. 
Donnelly,  James  A. 
Dornheim,  G.  A. 
Dougherty,  P.  J. 
Driscoll,  W.  H. 
Duff,  K. 
Ellis,  H.  W. 
Edgar,  A.  C. 
Evans,  F.  T. 
Febrey,  E.  J. 
Feldman,  A.  M. 
Fenstermaker,  S.   E. 


MEMBERS 

Fielding,  H.  H. 
Fleisher,  W.  L. 
Franklin,  M.  W. 
Fraser,  W.  G. 
Fuller,  Chas.  A. 
Farnham,  Geo.  D. 
Gant,  H.  P. 
Glore,  E.  F. 
Goldsmith,  A.  P. 
Gombers,  H.  B 
Goodnow,  W.  F. 
Green,  W.  C. 
Greey,  Geo.  V. 
Greason,  S.  L. 
Hall,  A.  E. 
Harrington,  E.  M. 
Hart,  H.  M. 
Hill,  E.  V. 
Issertell,  H.  G. 
Kent,  Wm. 
Keyes,  R.  E. 
Kiewitz,  A.  A. 
Kiewitz,  C. 
Kimbrough,  H.  C. 
Klaus,  M. 
Knight,  A.  B. 
Koithan,  W.  S. 
LeCompte,  W.  G. 
Lenox,  F.  J. 
Lester,  B. 
Little,  E.  R. 
Lyle,  J.  L 
McCann,  Frank  G. 
McColl,  J.  R. 
Mclntire,  J.  F. 
McKiever,  Wm.  H. 
McNair,  E.  E. 
Mackay,  W.  M. 
Martin,  Geo.  W. 
Melloii,  J.  T.  J. 
Merritt,  Jas.   H. 
Miller,  John  E. 
Morrison,  Chas. 
Murphy,  E.  T. 
Myrick,  Jas.  W. 


Natkin,  B. 
Nesdahl,  E. 
Nichols,  G.  B. 
Obert,  C.  W. 
O'Hanlon,  Geo. 
O'Connell,  P.  M. 
Ohmes,  A.  K. 
Olvany,  Wm.  J. 
Otis,  Jas.  S. 
Palmer,  Geo.  T. 
Phegley,  F.  G. 
Pearce,  C.  E. 
Pryor,  R.  W.,  Jr. 
Ritchie,  Wm. 
Ritter,  Arthur 
Roberts,  H.  L. 
Schloss,  N.  L. 
Schmidt,  Geo.  G. 
Scott,  Chas.  E. 
Scott,  E.  A. 
Seward,  P.  H. 
Shanklin,  J.  R. 
Snow,  Wm.  G. 
Soule,  L.  C. 
Stacey,  A.  E.,  Jr. 
Still,  F.  R. 
Speller,  F.  N. 
Stevens,  John  A. 
Stone,  E.  R. 
Stockwell,  W.  R. 
Storm,  E.  S. 
Strader.  B.  K. 
Teran,  C. 
Terrell,  H.  A. 
Timmis,  W.  S. 
Treat,  E.  J. 
Van  Inwagen,  F. 
Walker,  J.   H. 
Warsop,  Chas.  E. 
Webster,  E.  K. 
Webster,  Warren 
Weinshank,  Theo. 
West,  Perry 
Wheller,  H.  S. 
Wilcox,  Wm. 
Wolff,  R.  A. 


Twenty-third  Annual  Meeting 


61 


Barnes,  Samuel 
Barwick,  Theo. 
Beahm,  Robt.  B. 
Brightman,   H.   M. 
Bennett,  C.  F. 
Biglow,  L.  C. 
Boales,  W.  G. 
Bottsford,  Edw.  H. 
Bullock,  Wm.  E. 
Carson,  H.  Y. 
Chamberlain,  C.  G. 
Chaffe,  J.  C. 
Charles,  L.  A. 
Coward,  H. 
Claypool,  R.  L. 
Coe,  Ralph 
Dadley,  James  W. 
Darts,  Jno.  A. 
Deens,  P.  W. 
Dillon,  H.  R. 
Dobson,  John  B. 
Downe,  Edw.  R. 
Douns,  Roy  N. 
Doull,  R.  S. 
Eagan,  Geo.  A. 
Engle,  H.  J. 
Erickson,  H.  A. 


GUESTS 

Erskine,  Jas.  D. 
Evans,  Lynn  B. 
Ferguson,  H.  M. 
Faulkner,  J.  C. 
Fitz,  Geo.  L. 
French,  L.  G. 
Garfield,  J.  B. 
Goodwin,  H.  L. 
Gundinger,  C.  G. 
Hackett,  Chas.  P. 
Hartford,  Claude 
Heilmann,  C.  A. 
Hillman,  C.  Ward 
Hough,  John  A. 
Ives,  Joel  B. 
Jacobs,  Hy.  L. 
Jones,  Lewis 
Ketchum,  Jas.  T. 
King,  A.  Gordon 
King,  Harry 
Lanning,  E.  K. 
Lawrence,  C.  E. 
McCann,  Master  F.  E. 
McCormick,  W.  G. 
Marshall,    W.    J. 
Mertzanoff,  .A. 
Mason,  Edw.  J.  K. 


Miller,    Chas.   A. 
Muller,  Edw.  A. 
Mott,  Geo.  T. 
Mortimer,  John  J. 
Mailhouse,  Robt.  J. 
Newman,  Howard 
Nickerson,  A.  T. 
Nones,  Lynn  W. 
Piatt,  L.  J. 
Quackenbos'S,  S.  H. 
Rawn,  Ira  L. 
Rogers,  C.  M. 
Ross,  Frank  H. 
Ryder,  D.  R. 
Shadwell,  Gilbert  C. 
Stevens.  Chas.  H. 
Stevens.  F.  H. 
Stoke,   Harry 
Strouse,   Sidney   B. 
Thomson,  T.  N. 
Tuttle,   F.    A. 
Wahlman,  Nils  W. 
Worshaw,   Herman 
Webster,  Arnold  S.,  Jr. 
Wells,  W.  H. 
Westerfield,  Geo.  F. 
Wylie,  H.  M. 


LADIES 

Mrs. 

A.   S.  Armagnac 

Miss 

Naomi   Davis 

Miss 

Marion  Obert 

Mrs. 

Homer   Addams 

Mrs. 

J.  H.  Davis 

Mrs. 

A.  K.   Ohmes 

Mrs. 

T.   Barwick 

Mrs. 

H.   M.  Hart 

Miss 

Ohmes 

Mrs. 

Beck 

Mrs. 

Kiewitz 

Miss 

Gladys  Outwater 

Mrs. 

VV.  G.  BracMi'cr 

Mrs. 

LeCompte 

Mrs. 

-A.  Ritter 

Mrs. 

Carpenter 

Mrs. 

Lenninger 

Mrs. 

Chas.  E.  Scott 

Mrs. 

Carrier 

Mrs. 

J.  I.  Lyle 

Mrs. 

B.  K.  Strader 

Mrs. 

R.  Coe 

Mrs. 

F.  G.  McCann 

Mrs. 

T.   X.  Thompson 

Mrs. 

B.  C.  Davis 

Mrs. 

C.  W.  Obert 

.ATTENDANCE 

Mrs. 

W.  S.  Timmis 

Members   registered    135 

Guests    registered    108 


PAPERS 

OF  THE 

TWENTY-THIRD  ANNUAL  MEETING 

January  16.  17  and  18.  1917 


No.  428 
RAILWAY  PASSENGER  CAR  HEATING 

By  Elmer  W.  Rietz/  Chicago.  III. 
Non-Member 

THE  conditions  involved  in  the  heating  of  railway  passenger 
cars  are  considerably  different  from  those  of  house  or  build- 
ing heating.  Taking  for  instance  a  Pullman  car,  it  is  put 
into  service  and  may  run  for  a  time  on  one  of  the  transcontinental 
railroads  where  it  encounters  temperatures  from  100  deg.  above 
zero  to  as  low  as  40  and  50  deg.  below  zero.  This  same  car  may 
then  be  transferred  to  a  run  from  Chicago  to  Florida  where  ex- 
treme weather  conditions  are  encountered  each  trip.  For  this  rea- 
son we  must  have  a  very  flexible  heating  system,  one  that  can  be 
regulated  to  suit  the  various  conditions  and  still  be  simple  enough  to 
allow^  manipulation  by  the  average  railroad  man.  The  main  point, 
of  course,  to  bear  in  mind  is  that  the  system  must  be  absolutely 
non-freezable  which  requires  designing  to  discharge  all  water  of 
condensation  before  freezing  can  occur. 

A  railway  coach,  that  does  not  have  the  wash  water  and  toilet 
water  pipes  to  protect,  as  in  the  Pullman  car,  receives  even  worse 
treatment  and  conditions.  A  railway  coach  is  started  out  from  the 
terminal  under  steam,  but  after  the  travel  gets  lighter,  it  is  no 
longer  needed,  and  is  cut  off  from  the  train  and  run  on  a  siding 
where  it  is  allowed  to  stand  all  night  without  steam  ;  in  the  morning 
it  is  again  picked  uj)  and  placed  in  the  train  for  the  return 
trip,  when  it  must  be  quickly  heated  up.  If  there  were  any  possi- 
bility of  this  car  freezing  during  the  night  it  would  cause  expensive 
delays  when  put  into  the  train  in  the  morning.  The  two  above  exam- 
ples are  enough  to  show  the  conditions  we  have  to  work  under. 

The  first  method  of  heating  railway  trains  was  by  the  use  of 
ordinary  wood  burning  stoves.  The  objections  were:  First,  the 
always-present  danger  of  fire  in  case  the  train  were  wrecked  ;  second, 
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the  passengers  in  the  immediate  vicinity  of  the  stove  were  too  warm 
while  those  in  the  other  end  of  the  car  were  cold,  and  last,  the  need 
of  almost  constant  attention. 

The  next  step  was  the  adoption  of  the  hot  water  heater,  known 
as  the  Pullman  heater  or  Baker  heater.  The  heater  or  stove  was 
placed  in  the  end  of  the  car  in  a  small  compartment,  lined  with 
metal,  to  reduce  the  fire  danger  as  much  as  possible.  The  water 
circulation  was  usually  taken  care  of  by  placing  four  1^  in.  pipes 
on  each  side  of  the  car.  This  method  of  heating  was  far  in  advance 
of  the  old  stove  because  the  heat  would  be  uniform  throughout  the 
car.  The  objections  were;  It  would  take  an  hour  to  get  up  a  fire 
and  a  good  circulation  in  the  car;  at  night  (the  time  when  a  car 
should  be  cooled  oft'  for  sleeping)  it  would  take  until  almost  mid- 
night for  the  water  in  the  system  to  cool  oft',  when  the  car  would 
get  too  cold,  remaining  in  this  condition  until  morning  when  the 
porter  would  again  start  up  the  fire.  There  was  of  course  the  objec- 
tion of  dust  in  taking  out  the  ashes  and  putting  in  the  coal. 

Next  came  what  we  call  the  straight  pressure  system.  Here  the 
steam  was  drawn  direct  from  the  locomotive  and  carried  back  under 
the  train  through  a  train  line,  composed  of  13^  in.  pipe  connected 
between  cars  by  rubber  hose  and  quick  acting  couplers.  From  this 
train  line,  the  steam  was  allowed  to  enter  the  car  through  a  1  in. 
globe  valve  where  it  passed  into  two  2  in.  heating  pipes  on  each 
side  of  the  car  and  then  out  through  a  steam  trap  under  the  center 
of  the  car. 

With  this  arrangement,  steam  could  be  had  in  any  car  independent 
of  any  other,  and  it  was  quick  acting,  taking  only  a  minute  to  raise 
the  temperature  of  the  radiating  pipes  to  212  deg.  or  above,  de- 
pending upon  the  pressure  of  the  steam.  When  the  car  was  too 
warm,  one  side  could  be  turned  off,  if  still  too  warm  both  sides 
could  be  shut  off,  having  no  steam  on  the  car  at  all.  The  main 
objection  was  the  large  amount  of  freeze-ups  due  to  carelessness 
of  the  train  crew,  and  leaking  of  the  admission  valves.  The  head 
cars  in  the  train  were  subject  to  a  pressure  of  from  50  to  100  lb., 
while  the  rear  cars  might  have  only  5  or  10  lb.  Thus  the  firj^t 
cars  would  be  too  warm  and  the  last  cars  too  cold. 

A  large  number  of  the  cars  equipped  with  the  hot  water  heaters 
were  fitted  up  with  a  steam  connection  by  jacketing  the  circu- 
lation pipes  and  it  was  possible  to  heat  these  cars  with  steam  instead 
of  fire.  The  heaters  could  still  be  operated  by  fire  in  case  of  a 
breakdown  in  the  steam  supply. 
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After  all  the  above  methods  of  heating  were  tried  and  found 
wanting,  came  what  we  call  the  vapor  system.  This  system  is  used 
on  the  greater  majority  of  all  the  railroads  in  the  country  and  bv 
the  Pullman  company.  In  taking  up  the  explanation  of  the  working 
of  the  system,  I  shall  start  at  the  locomotive  where  the  steam  is 
generated  and  carry  it  through  the  various  conditions  it  meets  in 
heating  the  train. 

Due  to  the  use  by  some  railroads  of  the  head-end  lighting  sys- 
tem, there  are  two  conditions  involved,  namely :  the  straight  vapor 
system  beginning  at  the  engine  in  trains  where  the  head-end  light- 
ing system  is  not  used,  and  that  beginning  at  the  dynamo  car  where 
it  is  used.  In  the  head-end  lighting  system,  the  engineer  must 
furnish  enough  steam  to  run  the  dynamo  and  heat  the  train  besides. 
As  the  dynamo  requires  a  pressure  of  about  85  lb.  of  steam  to  oper- 
ate, that  much  must  be  added  to  the  amount  required  to  heat  the 
train.     This  is  the  only  difference  between  the  two  systems. 

When  the  train  has  been  properly  made  up  and  the  conductor 
is  ready,  he  goes  up  to  the  engineer  and  asks  for  steam  to  heat  the 
train.  The  amount  of  steam  required  varies  with  the  conditions. 
To  determine  the  pressure  required,  we  count  the  number  of  cars 
in  the  train  and  multiply  this  by  five,  which  gives  the  pressure 
required  for  weather  conditions  above  freezing;  if  the  temperature 
is  about  zero  we  add  10  or  15  lb.  to  the  total  mentioned  above.  For 
instance,  in  freezing  weather  a  ten  car  train  should  have  not  less 
than  50  lb.,  while  in  zero  weather  this  same  train  would  have  not 
less  than  60  or  65  lb.  pressure. 

The  steam  pressure  in  the  locomotive  boiler  is  usually  about  200 
lb.  From  the  boiler  a  1  in.  pipe  with  stop  valve,  supplies  steam 
to  a  reducing  valve.  There  is  a  pressure  gauge  on  each  side  of 
the  reducing  valve,  one  showing  the  pressure  in  the  boiler  and  the 
other  showing  the  pressure  on  the  train  line.  From  the  reducing 
valve  the  steam  passes  through  a  flexible  metallic  connection  into 
the  engine  tender  train  line.  On  all  modern  cars  the  train  lines 
are  of  2  in.  pipe.  At  the  end  of  the  tender  is  a  fitting  which  clamps 
the  train  line  to  the  engine  tender  holding  it  in  the  proper  position^, 
and  still  taking  care  of  the  expansion.  From  this  fitting  the  stean* 
passes  through  the  hose  and  positive  lock  coupler  into  the  end  valve 
on  the  next  car.  The  hose  connection  on  this  valve  is  1^  in.  and 
the  train  line  connection  2  in.  The  steam  then  passes  through  this 
train  pipe  (underneath  the  car,  pitching  from  the  center  to  each 
end  to  allow  for  drain)  to  the  next  car  and  so  on  throughout  the 
train. 
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>  All  train  pipe  valves  in  the  entire  train  must  be  open.  When 
steam  appears  at  the  reai  of  the  train  it  is  allowed  to  blow  for  a 
few  minutes  until  dry  steam  shows ;  the  rear  valve  is  then  shut 
and  immediately  opened  a  little,  for  what  we  call  "bleeding."  As 
long  as  there  is  steam  on  the  train  line  there  must  be  an  escape  of 
steam  at  the  rear  end  of  the  train  which  will  carry  off  the  water  of 
condensation  and  keep  the  train  line  from  freezing  up.  In  case 
this  end  valve  was  shut  tight  w^ater  would  form  and  in  a  few 
minutes  the  rear  car  train  line  would  be  frozen  shut  and  the  rest 
of  the  car  would  start  to  freeze.  A  train  is  never  allowed  to  leave 
the  terminal  until  steam  is  passing  through  the  last  car  in  the  train. 


FIG.  1.  ARRANGEMENT  OF  VAPOR  REGULATOR  AND  CONNECTIONS 

UNDER  CAR. 

In  case  the  above  mentioned  pressure  of  5  lb.  per  car  is  not  enough 
to  carry  the  steam  through  to  the  rear  end  (due  to  faulty  hose 
connections),  the  conductor  calls  for  more  pressure.  As  long  as 
the  train  is  under  steam  the  rear  flagman  watches  to  see  that  steam 
is  always  coming  through  the  rear  valve. 

.  When  the  train  approaches  a  terminal,  or  when  for  any  reason, 
steam  is  to  be  shut  off  the  train,  the  rear  flagman  first  opens  the 
end  valve  wide,  allowing  the  full  pressure  of  the  steam  to  blow 
through  the  train  for  a  few  minutes,  and  then  signals  the  engineer 
to  shut  off  the  steam,  leaving  the  rear  valve  open.  By  doing  this 
he  blows  out  any  water  that  has  been  held  in  the  hose  and  couplers, 
or  train  line.  This  leaves  a  "dry"  train  line  and  one  that  will 
never  freeze.     If  this  were  not  done  there  would  be  enough  water 
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in  the  train  line  to  freeze  up  the  hose  and  connections  and  when 
the  steam  was  again  turned  on  it  would  not  be  able  to  pass  through 
the  train  line.  With  the  vapor  system  the  only  part  of  a  train  that 
can  possibly  freeze,  due  to  careless  handling,  is  the  train  line. 

Taking  up  now  the  actual  vapor  system,  the  piping  of  the  cars 
and  its  operation : 

The  vapor  system  is  composed  of  three  units,  the  vapor  regulator, 
the  cut-out  steam  heat  valves  and  the  heating  coils  or  pipe.  The 
Chicago  Car  Heating  Company's  vapor  regulator  is  shown  connected 
in  Fig.  1.  The  purpose  of  the  vapor  regulator  is  to  receive  steam 
from  the  train  line  at  whatever  pressure  and  corresponding  tempera- 
ture   it    may    happen    to    be    at    that    point,    and    convert    it    into 


FIG.  2.  DETAILS  OP  THE  VAPOR  REGULATOR. 


steam  or  vapor  under  no  pressure  at  all  (or  atmospheric  pressure) 
at  a  temperature  of  213  deg.  before  it  passes  into  the  heating  pipes 
inside  of  the  car.  To  be  exact,  this  gives  the  steam  used  for  heat- 
ing, a  temperature  varying  from  212  deg.  at  the  point  where  it 
enters  the  inside  of  the  car,  to  a  temperature  of  about  208  or  2]0 
deg.  at  the  point  where  it  reaches  the  thermostat  to  pass  off  through 
the  outlet  of  the  vapor  regulator  in  the  form  of  condensation. 

The  vapor  regulator  depends  for  its  operation  on  the  action  of  an 
expansive  diaphragm  or  thermostat  located  in  the  bottom  of  the 
regulator  at  the  outlet  of  the  heating  pipes,  where  it  is  acted  on 
by  the  vapor  and  heat  of  escaping  condensation.  The  diaphragm 
which  is  shown  at  E,  Fig.  2,  consists  of  a  round  flat-shaped  box, 
made  of  spring  brass  and  partly  filled  with  an  expansive  fluid  and 
hermetically  sealed.     This  fluid  will  boil  at  a  temperature  of  about 
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180  deg.  and  when  heated  to  a  temperature  of  about  200  to  212 
deg.,  it  will  exert  sufficient  internal  pressure  to  cause  the  swelling 
out  of  the  flat  sides  of  the  diaphragm  a  distance  of  about  ^  in.  The 
expansion  of  this  diaphragm  E  in  the  outlet,  operates  the  valve 
S  in  the  inlet  steam  passage  at  the  upper  end  of  the  regulator. 
Steam  from  the  train  pipe  passes  into  the  high  pressure  chamber 
and  through  the  automatic  valve  into  the  low  pressure  chamber. 
From  there  it  passes  into  the  heating  pipes  inside  the  car  through 
the  cut-out  valve  and  back  to  the  outlet  chamber  of  the  regulator, 
where  it  heats  up  and  expands  the  thermostatic  diaphragm  E. 

The  expansion  of  the  diaphragm  tends  to  close  the  valve  S  by 
raising  the  rod  G  and  operating  the  bell  crank  W,  which  forces 
inwardly  the  stem  P  and  carries  the  valve  S  toward  a  closed  posi- 
tion, and  as  a  matter  of  fact,  does  close  it  when  live  steam  at  212 
deg.  has  blown  on  the  diaphragm  for  a  moment.  However  as  soon 
as  the  valve  S  closes,  the  passage  of  steam  to  the  diaphragm  ceases, 
and  necessarily  the  temperature  of  212  deg.,  that  surrounded  the 
diaphragm  when  live  steam  was  blowing  around  it,  immediately 
starts  to  fall  and  the  diaphragm  starts  to  contract.  When  the  tem- 
perature has  dropped  to  200  deg.,  the  liquid  has  lost  some  of  its 
expansive  force,  due  to  the  drop  in  temperature,  and  the  diaphragm 
starts  to  contract.  This  allows  the  valve  S  to  open  slightly  and 
again  admit  steam  to  the  heating  pipes. 

Steam  will  now  continue  to  pass  through  the  heating  pipes  in 
sufficient  quantities  to  give  a  temperature  of  200  to  210  deg.  at 
the  outlet  at  the  bottom  of  the  regulator.  If  the  temperature  at 
the  outlet  drops  below  200  deg.,  the  diaphragm  will  contract  and 
open  up  the  valve  S,  which  will  instantly  let  in  steam  from  the  train 
Hne  until  the  outlet  gets  its  200  deg.  of  temperature.  This  must 
happen  in  the  coldest  of  weather  as  well  as  in  warm  weather.  It 
gives  a  positive  circulation.  The  colder  the  weather,  the  sooner 
the  diaphragm  cools  and  the  more  steam  enters  the  radiating  pipes. 
As  can  be  seen  in  Fig;  2,  the  construction  of  the  diaphragm  and  regu- 
lator is  such  that  with  any  pressure  on  the  train  line  of  from  5  lb.  to 
150  lb.,  it  will  automatically  maintain  indefinitely  the  temperature  of 
approximately  200  deg.  at  the  very  outlet  of  the  pipes,  under  the 
car  where  it  is  placed,  which  in  turn  means  a  temperature  of  212 
deg.  to  the  pipes  inside  of  the  car.  The  vapor  system  heats  a  car 
at  the  end  of  a  long  train  just  as  warm  with  5  lb.  pressure  as  a 
car  at  the  head  end  of  the  same  train  subject  to  a  train  line  pres- 
sure of  125  lb. 
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The  reason  that  no  appreciable  pressure  is  present  in  the  radiat- 
ing pipes  during  the  short  time  the  train  pipe  pressure  is  blowing 
freely  through  the  automatic  valve  S  before  the  diaphragm  E 
becomes  heated,  is  because  the  high  pressure  passage  through  the 
valve  disc  N  is  purposely  reduced  to  ^^  in.  in  diameter,  and  as 
the  radiating  pipes  are  usually  not  smaller  than  1^  in.,  they  havt 
therefore  about  sixteen  times  the  area  of  the  steam  passage  through 
the  disc  N. 

When  it  is  considered  that  the  IJ^  in.  radiating  pipes  are  entirely 
open  at  the  outlet  end  and  are  free  and  unobstructed  through  their 
entire  length  for  the  passage  of  steam  entering  through  the  }i  in. 
opening,   it  will  be   plain   that   no  appreciable   pressure  can   exist, 


FIG.  3.  THE  VAPOR  CUTOUT  VALVE  FOR  HEAT  CONTROL. 

even  during  the  time  taken  to  get  steam  to  the  diaphragm  at  the 
outlet.  The  placing  of  the  thermostat  outside  of  the  car  does  not 
result  in  heating  the  pipes  inside  the  car  to  a  higher  temperature 
in  cold  weather  than  in  warm  weather,  because  the  pipes  will 
necessarily  be  heated  to  212  deg. — no  more  and  no  less — in  any. 
weather,  but  the  outside  location  of  the  thermostat  does  insure  its 
prompt  cooling  and  consequent  opening  of  the  automatic  valve  and 
admission  of  vapor  to  the  heating  pipes  when  the  cut-out  valve  is 
turned  from  the  closed  to  the  open  position.  Also  the  outside  loca- 
tion of  the  thermostat  is  necessary  to  get  it  at  the  very  end  or 
outlet  of  the  apparatus  where  it  automatically  keeps  the  outlet 
hot  and  prevents  the  freezing  up  of  this  coldest  and  most  impor- 
tant point  of  any  car  heating  apparatus. 


72  Railway  Passenger  Car  Heating 

The  vapor  cut-out  valve,  shown  in  Fig.  3,  controls  the  admis- 
sion of  heat  to  the  radiating  pipes  by  directing  the  flow  of  atmos- 
pheric pressure  steam.  It  is  usually  located  on  the  floor  inside  of 
the  car  at  some  point  easy  of  access.  The  valve  is  provided  with 
a  web-shaped  plug  or  wing  operating  in  a  four-way  valve  body. 
The  plug  or  wing  can  be  moved  a  quarter  turn  only.  When  the 
valve  is  open  (Fig.  4),  atmospheric  pressure  steam  from  the  vapor 
regulator  enters  one  end  of  the  valve  and  passes  through  the  valve 
to  the  heating  pipes.  After  passing  through  the  heating  pipes  it 
returns  through  the  other  end  of  the  valve  to  the  thermostat  in 
the  outlet  of  the  vapor  regulator.  When  the  valve  is  closed,  as 
shown  in  Fig.  5,  atmospheric  pressure  steam  passes  directly  across 
from  one  side  to  the  other  and  to  the  outlet  of  the  vapor  regulator. 
The  cut-out  valve  is  always  placed  on  the  atmospheric  pressure 
side  of  the  regulator,  i.e.,  between  the  regulator  and  the  heating 
coil,  in  which  position  it  can  never  come  in  contact  with  the  steam 
under  pressure,  and,  as  before  stated,  its  function  is  merely  to 
direct  the  flow  of  vapor  or  atmospheric  pressure  steam.  It  never 
shuts  off  the  passage  of  steam  to  the  thermostat.  Freezing  of 
drips  and  drip  pipes  is  absolutely  prevented  because  the  steam  or 
vapor  is  always  passing  from  the  automatic  valve  S  clear  through 
to  the  very  outlet  of  the  regulator,  regardless  of  whether  it  is  being 
passed  through  the  heating  coils,  or  whether  it  is  cut  out  of  the 
heating  coils  and  "short-circuited"  back  through  the  inlet  end  of 
the  cut-out  valve  to  the  outlet  of  the  regulator. 

When  the  valve  is  open,  steam  is  directed  through  the  radiating 
pipes  and  back  to  the  outlet  of  the  regulator.  When  the  valve  is 
closed  steam  is  "short-circuited"  or  directed  across  through  the 
valve,  back  to  the  outlet  end  of  the  vapor  regulator,  thus  cutting 
out  the  steam  from  passing  into  the  radiating  pipes,  while  keeping 
it  on  the  thermostat.  In  the  first  instance,  it  gives  atmospheric 
pressure  steam  throughout  the  radiation  and  in  the  second  instance 
it  cuts  out  or  "short-circuits"  the  steam  from  the  radiation. 

In  either  case  the  vapor  regulator  is  operating  either  to  fill  the 
radiation  with  atmospheric  pressure  steam  or  to  pass  the  small 
quantity  required  to  reach  from  the  automatic  valve  of  the  regu- 
lator through  the  cut-out  valves  and  connections  back  to  the  ther- 
mostatic diaphragm  in  the  outlet  of  the  vapor  regulator,  without 
going  into  the  radiation.  The  outlet  will  automatically  get  its 
200  deg.  of  temperature  from  the  valve  S  at  all  times,  provided 
there  is  steam  on  the  train  line,  and  the  valve  S  will  remain  open 
until  the  outlet  does  get  it.  -  i  >"■■'■' 
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When  the  cut-out  valve  is  moved  from  the  closed  or  "short- 
circuiting"  position  to  the  open  position,  what  takes  place  is  this : 
The  passage  of  vapor  from  the  automatic  valve  S  to  the  diaphragm 
E  through  the  "short-circuit"  passage  of  the  cut-put  valve,  is 
instantly  stopped  and  the  diaphragm  starts  to  cool  and  contract 
at  once,  opening  the  inlet  valve  S.  The  diaphragm  can  now  obtain 
the  heat  necessary  to  make  it  operate,  only  from  the  vapor  that 
has  first  passed  through  the  radiating  pipes. 

Its  contraction  immediately  allows  enough  steam  to  pass  the 
valve  S  to  quickly  fill  the  radiating  pipes  and  again  heat  the  dia- 
phragm under  the  car  and  make  it  operate,  and  the  pipes  inside  of 
the  car  will  now  remain  in  this  condition,  i.e.,  filled  with  vapor  at 
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212  deg.  temperature  as  long  as  steam  is  on  the  train  Hne,  or  until 
the  cut-out  valve  is  again  turned  to  the  closed  or  "short-circuited" 
position. 

When  the  cut-out  valve  is  moved  from  the  open  to  the  closed 
or  "short-circuited"  position,  what  takes  place  is  this :  The  passage 
of  vapor  into  the  radiating  pipes  ceases  at  once  and  instead,  passes 
direct  through  the  "short-circuit"  passage  of  the  cut-out  valve  to 
the  diaphragm.  The  steam  or  vapor  that  was  passing  into  the 
radiating  pipes,  when  the  cut-out  valve  was  open,  now  passes  direct 
to  the  diaphragm,  and  raises  the  temperature  slightly.  This  causes 
it  to  close  the  valve  S  at  once,  the  valve  remaining  closed  a  moment 
until  the  temperature  of  the  diaphragm  drops  slightly  again,  when 
it  allows  the  valve  S  to  open  sufficiently  to  pass  only  the  very  small 
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amount  of  vapor  necessary  to  reach  the  diaphragm  with  sufficient 
heat  to  operate  it. 

When  the  cut-out  valve  is  left  in  the  open  position  and  the  steam 
turned  off  the  train  line  the  method  of  piping  allows  all  water  of 
condensation  to  escape.  When  the  valve  is  left  in  the  closed  posi- 
tion, however,  this  is  not  the  case  as  the  web  is  now  cross-wise 
with  the  pipes  and  the  water  cannot  get  out  the  way  it  came  in. 
To  take  care  of  this  case  a  special  hole  is  provided  in  the  web  and 
one  in  the  body  of  the  valve.  When  the  valve  stem  is  in  the  open 
position  this  drip  hole  (size  ^  in.),  is  closed  or  "blanked"  by  the 
round  flat  bottom  of  the  valve  stem  and  is  thus  inoperative.  When 
the  valve  stem  is  in  the  closed  or  "short-circuited"  position,  the 
drip  hole  in  the  valve  body  is  in  line  with  a  corresponding  hole 
in  the  round  flat  bottom  of  the  valve  stem,  forming  a  direct  outlet 
through  the  drip  pipe  to  the  atmosphere  which  allows  all  condensa- 
tion collecting  from  the  heating  pipes  to  escape  direct  to  the  ground. 
It  also  breaks  the  vacuum  that  would  otherwise  exist  in  the  heating 
pipes  when  the  cut-out  valve  is  closed.     (See  Figs.  4  and  5.) 

With  the  old  style  wooden  cars  it  was  permissible  to  equip  a 
car  with  a  cut-out  valve  and  regulator  feeding  one  coil  of  three 
l/'2  in.  pipes  on  each  side  of  the  car.  This  allowed  the  turning 
off  of  all  the  heat,  the  use  of  one-half,  or  the  use  of  all  the  heat. 
As  there  are  comparatively  few  of  these  cars  still  in  service  we 
will  pass  them  over  and  take  up  the  heating  of  the  modem  steel  car. 

The  only  practical  and  effective  method  of  heating  steel  cars  is 
to  apply  sufficient  heating  surface  to  properly  warm  the  cars  in 
the  most  extreme  weather,  and  then  so  divide  this  total  surface 
into  separate  coils  or  heating  units,  independently  controlled,  that 
exact  and  proper  regulations  of  temperature  may  be  instantly  ob- 
tained to  meet  the  requirements  of  less  severe  weather. 

In  cars  equipped  with  the  multiple  regulation  system,  the  arrange- 
ment of  the  heating  pipes  is  either  four,  five  or  sometimes  six 
pipes  on  each  side  of  the  car,  according  to  its  construction  and  the 
severity  of  the  weather  it  is  liable  to  encounter.  So  that  interme- 
diate regulation  may  be  obtained,  the  pipes  on  each  side  of  the 
car  are  divided  into  two  coils,  each  coil  being  controlled  by  its  own 
cut-out  valve  and  the  two  cut-out  valves  arranged  in  parallel  and 
attached  to  one  regulator,  thus  using  one  regulator  and  two  valves 
for  each  side  of  the  car  in  an  ordinary  steel  coach  or  chair  car. 
(See  Fig.  6.)  A  separately  controlled  coil  of  three  pipes  and  a 
separately  controlled  coil  of  two  pipes  are  used  on  each  side  of  the 
car.     This  arrangement  of  heating  surface  and  cut-out  valves  per- 
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mits  of  the  exact  regulation  of  the  temperature  in  the  car  in  the 
following  proportions  of  the  total  heating  capacity  of  the  system: 
20,  30,  40,  50,  60,  TO,  80  or  100  per  cent. 

The  above  degrees  of  regulation  have  been  found  necessary  and 
very  desirable  in  a  steel  passenger  car  because  a  car  of  metal  con- 
struction is  particularly  susceptible  to  outside  weather  conditions, 
the  temperature  inside  of  the  car  responding  very  promptly  to 
changes  in  outside  temperature  and  to  outside  conditions  as  to 
sunlight,  darkness,  etc.  As  the  cut-out  valves  are  in  parallel,  the 
trainmen  are  enabled  to  use  either  the  two  pipe  coil  or  the  three 
pipe  coil  on  either  side  separately  or  together.  As  before  stated 
all  four  of  the  valves  in  the  arrangement  are  independent  of  each 
other  and  may  be  used  whether  any  of  the  others  are  turned  on 
or  not.  With  a  high  wind  on  one  side  more  heat  may  be  turned 
on  that  side,  the  same  being  the  case  where  one  side  of  the  car 
is  in  the  shade  and  the  other  in  the  sun.  Printed  direction  cards 
are  found  in  all  cars. 

The  question  of  heating  sleeping  cars  is  more  complex  than  that 
of  coaches.  In  the  sleeping  car  there  are  toilet  and  wash  water 
pipes  to  protect  and  at  night  some  parts  of  the  car  must  have  more 
heat  than  others.  In  equipping  sleeping  cars,  the  general  arrange- 
ment of  cut-out  valves  for  control  of  the  different  coils  may  be 
seen  by  examining  Fig.  7. 

The  cut-out  valves  for  the  No.  1  coil  (running  the  full  length  of 
the  car)  and  the  No.  2  coil  (running  in  the  berth  section  only)  are 
arranged  in  series ;  that  is.  No.  1  coil  must  be  turned  on  first  before 
steam  can  enter  No.  2  valve.  The  reason  No.  1  and  No.  2  valves 
are  arranged  in  series  is  that  it  is  desired  in  cold  weather  to  always 
have  steam  on  No.  1  coil  first,  because  it  runs  the  entire  length 
of  the  car  and  will  protect  toilet  w^ater  pipes  and  hoppers  from 
freezing.  If  steam  could  be  turned  into  the  short  No.  2  coil  first, 
without  passing  into  the  long  coil  No.  1,  it  would  be  possible  to 
have  the  body  of  the  car  warm  and  still  freeze  up  the  toilet  water 
pipes  and  hoppers  at  the  end  of  the  car.  With  the  arrangement 
of  the  No.  1  and  No.  2  valves  in  series  as  above  mentioned  this 
possibility  is  avoided. 

Besides  the  No.  1  and  No.  2  valves  above  mentioned  which  are 
on  each  side  of  the  car,  there  are  also  extra  heat  valves  for  separate 
control  of  extra  heat  in  the  drawing-room  compartment,  and  the 
ladies'  and  men's  rooms.  The  cut-out  valves  for  the  extra  heat 
controls  in  the  drawing-room  and  ladies'  dressing  room  are  in 
parallel;  that  is,  either  one  may  be  used  independent  of  the  other. 
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TABLE  T.    NUMBER  OF  FEET  OF  PIPE  REQUIRED  PER  FOOT  OF  CAR  LENGTH. 


Ratio  of 
Square    Feet 

Square    Feet 

Heating 

Surface  Der 

Foot  of  Car 

Length. 

Feet  of  I'lpe  Kequirod 

Surfai  e  to 

of  Heating 

Cubic  Feet  of 

Car  Volume. 

iy4  in. 
Pipe. 

l'/2  in.             2  in. 
Pipe.              Pipe. 

Class  of  Car 
Construction 

1   to   13 
1   to  15 

5.93 
5.13 

13  60 
11.80 

11.90                9.50 
10.30             8.25 

All  Steel 
All  Steel 

1   to  18 

4.27 

9.82 

8.60             6.87 

Steel- 
Wood  Finish 

1  to  20 

3.85 

8.85 

7.75             6.20 

Steel- 
Wood  Finish 

1  to  22, 

3.34 

7.70 

6.70             5.38 

Wood — 
Steel    Underframe 

1  to  25 

3.08 

7.08 

6.18             495 

All  Wood 

Average  Area  of  Car  Cross-section- 

-77  sq.  ft. 

The  top  of  No.  1  coil  is  increased  to  two  pipes  where  it  passes 
through  toilet  rooms  and  hallways  at  the  ends  of  the  car. 

Bearing  the  above  cautions  in  mind  it  is  easy  to  lay  out  an 
efficient  and  practical  method  of  controUing  the  heat  in  any  type 
of  car,  from  a  coach  to  a  private  car.  In  the  latter  type  of  car, 
there  is  often  used  as  many  as  10  cut-out  valves  to  allow  for  indi- 
vidual control  of  all  staterooms  and  compartments.  From  ex- 
haustive tests  and  observations,  the  data  given  in  Table  1  have  been 
formulated ;  the  figures  will  take  care  of  all  classes  of  cars.  Figs. 
8,  9  and  10  show  general  arrangements  of  a  few  different  types  of 
cars. 

DISCUSSION 

The  President  :  This  subject  is  a  specialty,  but  it  is  interesting 
to  have  this  paper  on  record.  The  system  is  unique  and  interesting, 
but  after  passing  two  nights  on  a  sleeping  car  with  this  system,  I 
should  say  there  is  much  room  for  further  control.  When  two 
people  get  into  a  berth  having  double  windows  that  can't  be  opened, 
and  double  curtains  the  other  side,  and  the  heat  is  turned  on,  it  is  an 
Qven.  I  do  not  see  why  automatic  control  or  temperature  regulation- 
is  not  applicable  to  cars  even  with  this  system.  Why  leave  it  to  the 
operator  who  is  not  always  available? 

F.  K.  Davis:  It  seems  to  me  that  the  Pullman  Company  might 
provide  an  individual  unit  for  each  seat.  It  would  not  run  up  very 
much,  so  far  as  the  cost  of  the  car  was  concerned;  it  would  only 
take  about  26  valves,  where  they  now  use  six,  and  the  results  would 
be  better.  Let  every  man  regulate  his  own  heat  and  the  results 
would  be  much  better. 
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James  H.  Davis  :  It  seems  pretty  hard  to  make  an  installation 
that  will  heat  cars  under  all  conditions,  when  you  consider  that  on 
one  trip  a  car  may  be  in  Florida,  and  then  it  may  be  run  to  Winnipeg. 
I  do  not  see  how  the  table  given  on  page  79  can  take  care  of  such 
conditions  as  this.  My  experience  in  the  new  type  Pullmans  has 
been  that  they  cool  and  heat  very  quickly.  I  think  that  the  Presi- 
dent's suggestion  that  the  supply  of  heat  be  controlled  by  a  thermo- 
stat would  be  well  to  consider. 

The  engineer  in  the  locomotive,  of  course,  has  something  to  do 
with  this  matter  of  heating,  because  when  he  is  taking  a  grade,  or  if 
his  fire  is  bad,  he  will  shut  off  the  steam  to  the  coaches.  Then  again, 
it  may  be  the  fault  of  the  operator,  who  may  want  it  warm  and 
not  care  about  the  passengers.  Now,  he  has  control  of  the  toilet 
room  and  does  not  have  to  heat  the  entire  car  to  keep  himself  com- 
fortable. I  think,  however,  that  the  present  method  of  heating  as 
described  in  the  paper  is  a  very  great  improvement  over  older 
methods. 

Arthur  K.  Ohmes  :  I  believe  thermostatic  control  for  heating  in 
railway  cars  has  been  tried  but  has  not  proved  very  successful.  As 
to  installing  26  units  in  a  car  (one  for  each  berth),  I  think  that  would 
be  going  too  far.  Before  a  train  would  get  very  far  on  a  very  cold 
day,  everything  would  be  frozen  up  and  broken  or  damaged.  You 
must  remember  that  all  passengers  are  not  heating  engineers.  As  a 
matter  of  fact,  I  think  that  we  are  pretty  comfortable  nowadays  in 
a  Pullman. 

The  President  :  There  are  two  points  about  this  system  that  are 
of  particular  interest ;  one  is  the  unique  valve,  which  does  away  with 
the  freezing  that  was  experienced  with  traps,  and  the  other  is  the 
way  they  have  minimized  the  danger  from  steam  at  high  pressure. 
They  formerly  carried  about  85  lb.  pressure  on  the  coils  in  the  car 
and  in  case  of  accident  there  was  always  a  very  serious  liability  of 
scalding  a  lot  of  people.  But  now  the  main  high  pressure  pipe 
runs  under  the  car  only  and  if  anything  gives  way,  it  is  not  liable  to 
hurt  any  one.  From  that  the  pressure  is  reduced  through  a  reduc- 
ing valve  to  approximately  Yz  lb.  before  going  into  the  radiators, 
and  there  is  a  trap  at  the  tail-end  of  the  system  which  closes  when 
steam  reaches  it.  When  it  closes,  it  closes  the  supply  valve,  so  that 
it  automatically  controls  the  supply  of  steam  to  meet  the  require- 
ments. Steam  is  maintained  in  the  trap  all  the  time,  to  prevent 
freezing. 

Jaimes  H.  Davis  :  There  is  no  question  but  that  this  paper  is 
valuable  It  will  be  a  pleasure  to  be  able  to  refer  to  it  in  the  Trans- 
actions. 
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SOME  NOTES  ON  WARM  AIR  FURNACE 
HEATING 

By  Jesse  M.  McHenry/  Detroit,  Mich. 
Non-Member 

AS  a  sales  engineer,  I  am  vitally  interested  in  the  real 
engineering  problems  involved  in  the  furnace  heating  and 
ventilating  field.  As  a  matter  of  fact,  I  have  been  an  inter- 
ested student  of  matters  of  this  kind  for  more  than  a  quarter  of  a 
century.  In  that  time  I  have  learned  some  things  by  practical 
experience  and  observation. 

I  shall  not  in  this  discussion  be  able  to  touch  upon  any  phases 
of  the  furnace  system  other  than  the  moderate-sized  gravity 
system  for  heating  the  average  home.  Technically  trained  heat- 
ing and  ventilating  engineers  have  heretofore  withheld  approval 
of  the  system  of  which  I  desire  to  speak,  although  it  is  most 
perfectly  adapted  to  the  heating  and  ventilating  of  the  homes 
of  the  vast  army  of  men  of  moderate  means.  It  is  gratifying, 
however,  to  note  that  within  the  past  year  or  two  there  has 
developed  a  decided  interest  in  this  most  worthy  and  interesting 
system.  The  furnace  fraternity  is  greatly  indebted  to  the  engi- 
neering departments  of  some  of  our  leading  universities,  from 
whence  the  influence  responsible  for  this  new  interest  emanates. 

Public  opinion  and  hygienic  requirements  demand  the  installa- 
tion of  home  warming  systems  involving  the  free  introduction 
and  circulation  of  fresh  air  to  and  through  every  room.  You 
are  the  men  and  the  only  class  of  men  fitted  by  training,  experi- 
ence and  ability,  to  rightly  handle  the  special  propositions  in- 
volved in  this  class  of  work. 

Although  many  heating  and  ventilating  engineers  live  in  fur- 
nace-heated homes,  I  am  told  that  they  know  very  little  about 
the  system.    They  are  capable  of  handling  the  largest  and  most 
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complicated  hot  water  or  steam  system,  yet  it  they  were  to  be 
consulted  regarding  the  simplest  furnace  system  they,  in  all 
probability,  would  find  it  necessary  to  confess  inability  to  diag- 
nose the  case.  It  has  in  the  past  been  the  custom  of  the  engineer 
to  treat  this  system  with  more  or  less  contempt.  That  day  I 
am  gratified  to  observe  is  rapidly  passing.  Some  of  our  most 
eminent  heating  and  ventilating  engineers  have  found  in  this 
system  engineering  problems  of  exceedingly  interesting  propor- 
tions, and  are  devoting  more  or  less  time  and  thought  to  it. 

For  information  about  how  the  furnace  people  estimate  heat 
requirements  and  arrive  at  required  sizes  of  pipes,  registers, 
furnace  capacities,  etc.,  with  the  exception  of  furnace  ratings,  I, 
very  fortunately,  am  able  to  refer  you  to  the  Formula  and  Rules 
for  Installation  of  Warm  Air  Heating,  issued  by  the  National 
Warm  Air  Heating  and  Ventilating  Association.  Time  will  not 
permit  me  to  review  the  formula  here,  but  I  commend  it  to  you 
and  trust  that  you  will,  after  a  careful  review,  consider  it  worth 
filing  for  future  reference. 

Believing  that  engineers  will  be  interested,  I  wish  to  bring 
to  your  attention  the  results  of  some  furnace  tests  made  during 
the  past  two  years. 

REPORT  OF  TESTS  ON  FURNACES 

Object :  To  determine  first,  the  efficiency  of  the  furnace,  and 
second,  the  causes  of  heat  losses. 

Eft'u'iency  Test  Methods:  Three  sizes  of  furnaces  having  20,  25 
and  31  in.  fire  pots,  respectively,  were  tested,  all  in  the  same 
manner,  and  under  various  rates  of  combustion.  The  furnaces 
were  fixed  and  fed  with  definite  amounts  of  coal  hourly  until 
the  ^ue  and  warm  air  temperatures  had  become  constant  and 
remained  so  over  a  period  of  more  than  three  hours.  Determina- 
tions of  the  warm  air  velocity  and  temperature,  and  of  the  cold 
air  temperature  and  humidity,  together  with  the  temperature  and 
composition  of  the  flue  gases,  were  then  made  and  checked. 
From  the  data  obtained,  the  heat  content  of  the  air  discharged 
was  calculated,  and  this  related  to  the  heat  available  from  the 
coal,  which  had  been  previously  determined  by  analysis,  indicates 
the  thermal  efficiency  of  the  furnace. 

The  liability  to  error  in  the  adopted  method  of  firing  was  found 
to  be  much  less  than  in  either  the  "standard"  or  "alternate" 
methods  used  in  steam  power  plant  tests.  In  both  these  methods, 
the  condition  of  the  furnace  as  regards  heat  stored  in  its  mate- 
rials at  starting  and  stopping,  must  be  "judged,"  and  it  was 
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found  that  with  such  small  unit  as  a  warm  air  furnace,  the  errors 
are  considerable  and  usually  favor  the  appliance.  By  the  "bal,-) 
ance"  method  adopted,  it  is  impossible  to  burn  more  coal  tha,i) 
is  charged  to  the  furnace,  and  the  errors  are  negligible,  provide^! 
all  temperatures  remain  constant  over  a  considerable  period  of; 
time  previous  to  reading  the  instruments. 

The  hard  coal  used  had  a  heat  value  of  13,821  B.t.u.  as  deter-i 
mined  by  analysis.  This  is  rather  a  low  figure  for  anthracite,, 
and  represents  the  value  of  the  coal  without  previous  drying  just 
as  it  was  fed  the  furnaces. 

Table  1  was  copied  from  records  of  tests  conducted  during  the 
past  winter,  the  purpose  being  to  ascertain  the  gross  efficiency 
of  certain  furnaces  operated  under  various  rates  of  combustion. 

TABLE  1.     RESULTS  OF  TEST  NO.  43 


Diameter 

Total 

Coal 



B.t.u.     delivered 

Efficiency 

Tire  Pot, 

in. 

burned  per  hr.. 

lb 

per    hour 

per  cent. 

31 

15 

162.924 

78                     ■ . ; ! 

31 

10 

119,952 

86 

25 

10 

111.551 

80 

25 

5 

60.759 

87 

20 

10 

88.290 

64 

20 

5 

48,736 

71 

The  grate  surfaces,  respectively,  were  as  follows:  4.3  sq.  ft.  j 
2.6  sq.  ft.,  and  1.1  sq.  ft. 

The  results  of  this  test  are  exceedingly  interesting,  and  clearly 
demonstrate  the  necessity  for  using  furnaces  of  capacity  to  meet 
all  requirements  while  operating  under  low  rates  of  combustion. 
For  instance — note  the  relative  gross  efficiency  of  the  three  fur- 
naces with  the  same  amount  of  coal  burned  in  each:  that  is  to 
say,  with  a  total  of  10  lb.  of  coal  per  hour  the  No.  31  furnace 
tested  8G  per  cent,  efficient;  the  No.  25  burning  the  same  amount 
of  coal,  tested  80  per  cent.,  while  the  No.  20,  burning  a  like 
amount  of  coal  per  hour,  tested  only  64  per  cent.  Will  you  note 
in  passing  that  with  a  reduction  in  the  total  amount  of  coal 
burned,  that  the  efficiency  of  each  of  the  furnaces  was  materially 
increased?  No  better  argument  than  this  demonstration  can  be 
used  in  favor  of  the  use  of  furnaces  of  generous  proportions. 

Supplemental  to  but  as  part  of  the  test  just  referred  to,  the 
three  furnaces  were  tested  with  forced  circulation.  Arrange- 
ments having  been  made  so  we  could  quickly  change  from  gravity 
to  forced  circulation  under  fan  pressure,  it  was  found  that  the 
No.  31  furnace  efficiency  was  increased  from  86  to  89  per  cent.; 
the  No.  25  from  80  to  88  per  cent.,  and  the  No.  20  from  64  to  G9 
per  cent. 
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;  This  part  of  the  test  was  made  with  the  view  of  ascertaining 
the  effect  of  high,  velocities  as  compared  with  the  ordinary  normal 
velocities  through  furnaces.  The  results  to  which  I  have  just 
referred,  speak  for  themselves.  Time  forbids  further  reference 
to  this  very  interesting  phase  of  our  subject. 

Under  the  heading  Determination  of  Losses,  the  first  test  in 

this  class,  No.  18,  was  run  for  the  purpose  of  determining  the 

possible  losses  by  radiation  from  casings  enclosing  the  furnaces : 

^  Radiation  Loss:    No.  18.     The  loss  by  radiation  from  the  outer 

casing  of  a  furnace  with  25  in.  fire  pot,  running  at  10  lb.  coal  per 


TABLE  2.     RADIATION  LOSSES  FROM  THE 

OUTER  CASING  OF  FURNACE 

■ "                Time 

7  to   11:30 
11:30  to     2 
2  to  2:15 

Average  temp,  rise  of 

through  furnace 

99  deg.   fahr. 

102  deg.   fahr. 

102  deg.   fahr. 

air 

Average  velocity  of  air  discharged 
Ft.  per  minute 
275   (Standard  Casing) 
275    (Insulated  Casing) 
275   (Insulation  Removed) 

hour,  Vs'SiS  determined  by  the  following  method :  (the  standard  cas- 
ing mentioned  in  Table  2  consisted  of  an  outside  casing  made  of  gal- 
vanized iron,  with  a  lining  of  black  iron,  and  interlining  of  asbestos 
sheeting;  there  was  an  air  space  of  approximately  ^  in.  between 
the  black  iron  lining  and  the  asbestos  sheeting).  Furnace  tempera- 
tures having  remained  constant  throughout  four  hours,  readings 
were  taken  and  an  outer  casing  of  one  inch  mineral  wool  was 
quickly  attached.  Readings  were  continued  two  and  one-half  hours 
with  mineral  wool  jacket,  and  then  the  jacket  was  instantaneously 

TABLE  3.     CHIMNEY  LOSSES 


Diameter 
fire  pot,  in. 

Total 
coal  per  hr. 

25 
15 
10 

lb. 

Flue  gas 
composition 

Temperature 
deg.  fahr. 

950 
600 
465 

Loss, 
per  cent. 

25 
31 
31 

C0= 

1 
10 
8.6 

0-'  (air) 

16.5 

8 

7 

CO 

0.5 
0.2 
none 

64 

17.5 

10.5 

removed,  and  readings  continued  for  15  minutes.  Results  of  this 
test  are  given  in  Table  2. 

It  will  be  observed  from  this  that  radiation  losses  from  the 
casing  are  negligible,  provided  the  cold  air  supply  is  adequate, 
and  a  reasonably  low  rate  of  combustion  is  maintained. 

Chimney  Losses:  The  loss  of  heat  via  flue  gases  was  determined 
approximately  by  an  analysis  of  their  composition  and  an  obser- 
vation of  their  temperature  under  varying  rates  of  combustion. 
The  results  are  tabulated  in  Table  3. 

The  losses  defined  above  are  the  result  of  two  distinct  factors: 
Excess  air  and  excessive  temperature.  The  first  test  was  made 
under  conditions  which  forced  the  fire  at  a  high  rate,  and  the 
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excess  air  was  nearly  200  per  cent.,  while  in  the  last  two  tests 
the  excess  was  100  and  60  per  cent.,  respectively. 

To  more  accurately  define  the  losses  due  to  temperature  alone, 
separate  from  excess  air  losses,  the  following  test  was  made: 
The  No.  25  furnace  was  equipped  with  two  steel  radiators,  so 
arranged  that  the  gases  could  be  directed  through  both  in  series, 
or  through  one  only,  simply  by  turning  a  damper,  thus  instantly 
doubling  the  length  of  their  travel  between  combustion  chamber 
and    pipe    collar.      The    results    are    given    in    Table    4    and    show 

TABLE  4.  LOSSES  DUE  TO  TEMPERATURE  ONLY 

Single  radiator  Two  radiators  Gain,  per  cent. 
Total  furnace  efficiency,  per  cent.                      58.8                         64.3  5. 5 

Temp,  drop  through   radiators,  deg.  750-560,  25%  750-460,  39%  14 

Pressure  drop  through  radiators,  inches  0.05  0.06  0.01    (Loss) 

Final  temp,  waste  gases,  deg.  560  460  17.8 

that  the  losses  through  high  temperature  of  waste  gases  may  be 
reduced  slightly  by  doubling  the  fire  travel,  with  the  requirement 
of  only  0.01  inch  (water)  increased  draft  pressure.  The  saving 
would  be  proportionately  greater  at  higher  rates,  and  less  at  lower 
than  the  15  lb.  rate  used. 

I  wish  to  bring  to  your  attention  the  records  of  one  of  the 
most  interesting,  and  in  some  ways  the  most  surprising  tests  I 
have  ever  witnessed.    We  were  about  to  start  work  on  patterns 

TABLE  5.     EFFECT  OF  DETACHED  E.XTENDED  SURFACES 

.\t    10   lb.   i.er   hr.;    coal    13150   B.t.u. 


Cold  Air 

Warm  Air 

Cu   ft 

B  t  u 

Fflfii 

Temp. 

Temp.           Rise 

Velocity 

per  hr. 

per  hr. 

per 

cent. 

With  E.xten.  Surfaces         39 

122              83 

2S5 

62928 

84S77 

64 

Without  Exten.   Surfaces  36 

111              75 

325 

71760 

88200 

67 

At 

15  lb.   per  hr. ;   coal 

13150  B.t, 

.u. 

With  Exten.  Surfaces         45 

165            120 

330 

72844 

132030 

67 

Without  Exten.  Surfaces  38 

142            105 

380 

83904 

138075 

70 

for  several  new  lines  of  furnaces,  and  there  arose  the  question 
as  to  whether  or  not  the  efficiency  of  a  furnace  might  not  be 
promoted  by  addition  of  extended  surfaces  to  the  fire  pots, 
combustion  domes  and  possibly  other  parts  of  the  furnaces. 
These  tests,  I  may  add,  were  repeated  several  times,  both  with 
and  without  the  extended  surfaces,  and  the  results  are  tabulated  in 
Table  5. 

Note,  if  you  will,  the  velocities  as  affected  by  the  addition  of 
the  extensions,  together  with  the  resulting  effect  on  the  gross 
efficiency  of  the  furnace.  It  will  readily  be  perceived  by  an 
analysis  of  the  tabulated  results  that  the  frictional  resistance  due 
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to  the  presence  of  the  extensions  restrict  the  air  velocities,  and 
this  in  turn  has  a  marked  effect  on  the  efficiency  of  the  furnace. 

The  cast  iron  extensions  used  in  this  test  varied  in  thickness 
from  9<i  in.  to  ^  in.,  and  the  width  from  8  in.  to  2  in.  The 
extensions  were  made  to  conform  to  the  outlines  of  the  fire  pot 
and  combustion  dome  of  the  furnace,  and  were  set  edgewise 
against  the  furnace  with  spaces  of  4  in.  between  sections  at 
the  fire  pot. 

The  two  outstanding  facts  proved  by  this  test  are — first  that 
extensions  set  radially  and  in  contact  with  the  heating  surfaces 
of  furnaces  are  of  very  doubtful  value.  It  is  a  positive  fact  that 
such  surfaces  have  no  conduction  or  convection  value  whatever, 
excepting  as  they  may  become  heated  by  radiation  from  the 
surfaces  of  higher  temperature,  and  thus  take  on  a  possible  slight 
convection  value.  Second,  construction  features  which  may 
retard  velocities  through  the  casing  are  detrimental  and  should  be 
avoided 

DISCUSSION 

Prof.  J.  R.  Allen  :  I  should  like  to  call  attention  to  the  table  on 
page  83,  where  a  reference  is  made  to  an  efficiency  of  86  per  cent. 
This  seems  rather  high  to  me,  and  there  is  a  question  whether  an 
efficiency  as  high  as  this  can  be  obtained. 

Wm.  Kent  :  Before  we  can  believe  such  a  high  efficiency  as  86 
per  cent,  we  should  have  some  check  on  the  figures,  for  there  may  be 
something  wrong  either  in  the  measuring  of  air  or  something  else. 
I  have  had  tests  that  showed  100  per  cent  efficiency  myself,  but  I 
knew  there  must  be  an  error  somewhere ;  we  used  an  anemometer 
for  measuring  the  air,  and  there  was  an  error  in  the  measuring. 
When  we  get  figures  that  are  improbable,  we  should  not  accept  them 
as  facts  without  careful  checking.  The  reports  given  in  Table  5, 
showing  the  most  efficient  results  without  extended  surfaces  is  con- 
trary to  everything  ever  published  before.  When  we  get  results  that 
are  suspiciously  high  we  should  look  into  the  causes. 

The  table  shows  an  efficiency  of  64  per  cent  with  approximately 
63,000  cu.  ft.  of  air  per  hour,  and  an  efficiency  of  67  per  cent  with 
72,000  cu.  ft.  of  air  per  hour,  or  an  efficiency  higher  with  the  greater 
amount  of  air.  Two  different  conditions  were  also  used  in  these 
tests ;  one  the  obstruction  to  the  current  by  the  extended  heating  sur- 
faces, and  the  other,  the  quantity  of  air  passing  through.  This  is 
not  a  correct  way  to  make  comparative  tests.  There  should  be  the 
same  quantity  of  air  in  both  tests. 


No.  430 

STANDARD  METHOD  OF  TESTING  HEATING 

BOILERS 

Report  of  Committee  Appointed  by  New  York  Chapter  to  Consider  a  Standard  Code 

for  Testing  Low-Pressure  Boilers,  and  to  Submit  Recommendations  to 

the  Society   at  the  Annual   Meeting 

THE  Committee,  within  the  limited  time  at  its  disposal,  has 
attempted  only  to  complete,  insofar  as  possible,  the  work 
undertaken  by  a  Committee  of  similar  character,  which  re- 
ported at  the  Meeting  at  Buffalo,  in  1913,  and  to  keep  in  mind  the 
conclusion  of  that  Committee  to  the  effect  that  what  is  desired,  is  a 
standard  test  to  determine  the  capacity  and  efficiency  of  heating 
boilers  under  conditions  approaching  as  nearly  as  possible,  those 
under  which  the  boiler  is  to  be  installed. 

With  this  idea  in  mind,  we  believe  the  testing  of  a  heating  boiler 
for  such  results,  becomes  a  comparatively  simple  operation  compared 
with  the  generally  accepted  theory  of  boiler  test  that  all  relations  of 
one  part  of  the  boiler  to  another  should  be  taken  into  account,  that  is, 
ratio  of  heating  surface  to  grate  surface,  proportion  of  direct  surface 
to  indirect  surface,  etc. 

The  specific  object  of  the  test  which  we  have  in  mind  is  the  deter- 
mination of  the  amount  of  steam  which  a  boiler  will  furnish  when 
burning  a  definite  quantity  of  coal  per  hour  in  the  manner  for  which 
it  was  designed.  Therefore,  the  schedule  covering  the  report  of  test 
will  provide  only  for  those  items  which  are  essential  to  determine  the 
proper  capacity  of  the  boiler  for  commercial  or  sales  purposes. 

The  duration  of  a  general  test  to  determine  the  efficiency  and 
capacity  of  a  heating  boiler  should  be  twelve  hours  of  constant  run- 
ning; if,  however,  test  is  desired  to  determine  efficiency  and  capacity 
under  specific  conditions  of  operation,  then  boiler  should  be  tested 
under  conditions  approximating  as  nearly  as  possible,  those  for 
which  it  is  to  be  installed. 

The  fuel  for  test  unless  for  special  conditions,  should  be  anthra- 
cite coal,  stove  size,  such  as  Lehigh  Valley.    It  is  thought  desirable 
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by  the  Committee,  to  use  as  much  as  possible,  a  standard  fuel  in 
order  that  resul,ts  may  be  more  readily  compared  for  consideration 
under  operating  conditions.  We  concur  in  report  of  the  previous 
Committee,  that  a  series  of  tests  might  be  advisable,  which  take  into 
account  the  varying  conditions  under  which  a  house-heating  boiler 
operates,  in  order  to  determine  the  proper  working  capacity.  A  sug- 
gestion is  one  test  under  maximum  draft  conditions,  burning  the  fuel 
out  in  as  short  a  time  as  possible ;  second,  a  test  to  burn  the  fuel 
in  a  fixed  number  of  hours,  as  nearly  as  possible; — third,  a  test 
with  drafts  regulated  to  hold  fire  the  longest  number  of  hours 
possible  and  yet  maintain  a  constant  evaporation. 

A  sufficient  number  of  tests  should  be  made  to  obtain  repeated  or 
confirmatory  results.  The  working  capacity  of  the  boiler  under 
heating  conditions,  should  be  based  on  results  from  those  tests  which 
show  a  rate  of  combustion  between  ,5  and  10  lb.  per  sq.  ft.  of  grate 
per  hour. 

The  1913  Committee  made  some  definite  recommendations  with 
which  we  concur  and  reiterate  as  follows : 

APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  used  in  testing  should  include  the 

following : 

Feed  water  tanks  calibrated  or  to  be  used  in  connection  with  weigh- 
ing scales;  air  pumps,  if  water  is  to  be  fed  by  compressed  air; 
weighing  scales  for  weighing  fuel,  ashes,  etc. 

Differential  (Ellison)  draft  gauges,  at  least  three  in  number,  for 
measuring  draft  tension;  (a)  in  ashpit,  (b)  over  the  fire  and 
(c)  in  the  smoke  pipe ; 

Accurately  calibrated  thermometers  for  measuring  temperature  of 
escaping  gases,  feed  water,  and  temperature  of  steam ; 

Steam  separator  for  attachment  to  steam  pipe,  separator  to  be  thor- 
oughly covered  with  non-conducting  material ; 

Blanket  covering  consisting  of  one-ply  2  lb.  asbestos  paper  and  1  in. 
hair  felt  which  would  make  a  desirable  covering  for  the  boiler. 

Gas  analysis  apparatus  for  determining  composition  of  the  flue 
gases  (Orsat)  ; 

Log  sheets  on  which  to  keep  accurate  record  of  various  readings. 

RULES   FOR   CONDUCTING   EVAPORATIVE   TESTS 

1.  Inasmuch  as  the  object  of  the  test  is  to  ascertain  the  amount  of 
water  evaporated  per  pound  of  coal  fired,  all  measurements  and 
readings  should  be  taken  in  such  way  as  to  give  this  result. 
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2.  The  boiler  should  be  set  up  and  connected  to  a  suitable  chim- 
ney flue. 

3.  The  boiler  should  be  thoroughly  boiled  out  with  a  solution  of 
sal  soda,  potassium  hydrate,  or  sodium  hydrate  and  then  thor- 
oughly rinsed  with  clean  water  to  remove  any  foreign  matter. 

4.  The  piping  should  be  connected  in  such  a  way  that  the  steam 
may  be  carried  to  a  point  away  from  the  boiler  and  piping  arranged 
so  that  its  condensation  may  not  flow  back  to  the  boiler  itself. 

5.  The  separator  should  be  attached  to  the  flow  pipe  and  from 
the  bottom  of  the  separator  a  pipe  should  be  connected  in  such  a 
way  as  to  form  a  water  seal  and  with  an  open  end  so  that  surplus 
water  may  be  conducted  into  a  pail  or  barrel  for  weighing  at  comple- 
tion of  test. 

6.  The  piping  should  connect  the  calibrated  water  feeding  tanks 
into  the  return  of  the  boiler,  with  all  necessary  valves  and  connec- 
tions, thermometer  cups,  etc.  The  water  should  be  fed  to  the  boiler 
continuously  from  calibrated  tanks,  thus  showing  every  pound  of 
water  that  enters  the  boiler. 

7.  Special  care  should  be  used  in  all  readings. 

8.  Where  weighing  tanks  are  used  or  water  is  fed  by  gravity 
extra  precautions  should  be  taken  to  avoid  error  in  readings. 

9.  Three  draft  gauges  suggested  as  part  of  the  equipment,  should 
be  used  to  determine  pressure  loss  in  the  ashpit,  pressure  loss  through 
the  fuel,  and  pressure  loss  through  the  flues  of  the  boiler. 

10.  The  steam  pipe  from  the  boiler  should  be  left  open  to  the 
atmosphere  so  that  the  test  can  be  carried  on  at  atmospheric  pres- 
sure, as  we  believe  that  running  a  boiler  under  pressure  gives  no 
more  accurate  restilts  as  regards  capacity  and  efficiency  than  may  be 
obtained  by  evaporating  the  water  at  atmospheric  pressure. 

11.  Starting,  ft  is  recommended  that  a  preliminary  fire  be  made 
and  the  boiler  run  until  such  time  as  water  in  the  boiler  steams,  when 
the  preliminary  fire  will  be  dumped,  the  ashpit  thoroughly  cleaned, 
and  a  fresh  quantity  of  wood  placed  on  the  grate  and  kindled.  The 
test  shall  be  considered  as  starting  at  the  time  of  firing  this  second 
charge  of  wood.  On  this  charge  of  wood  shall  be  placed  the  coal, 
which,  for  measure  of  com])arison,  should  be  stove-sized  anthracite. 
The  wood  shall  he  considered  as  having  a  heating  value  equal  to  40 
per  cent  of  that  of  an  equal  weight  of  coal. 

The  weight  and  temperature  of  the  water  in  the  boiler  at  the  start 
should  be  recorded. 
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Against  the  boiler  should  be  charged  all  of  the  fuel,  including  the 
last  charge  of  wood,  and  at  the  end  of  the  test  the  boiler  is  to  be 
given  credit  for  the  unburned  fuel,  and  the  quantity  of  water  fed 
to  the  boiler  during  the  test,  less  any  water  thrown  out  in  excess 
of  a  quantity  represented  by  the  condensation  of  the  pipe  and 
separator. 

If  water  is  not  brought  to  the  steaming  point  at  the  beginning  of 
the  test,  credit  is  to  be  given  to  the  boiler  for  the  heat  expended  in 
heating  the  water  contents  of  the  boiler  from  the  initial  temperature 
to  the  boiling  point  at  the  atmospheric  pressure  at  the  time  of  the 
test. 

Note.  It  is  the  opinion  of  the  Committee  that  the  "running  start"  in  use 
at  many  boiler  testing  plants  is  not  practical  in  connection  with  the  testing 
of  low  pressure  heating  boilers.  The  amount  of  fuel  used  in  a  test  of  a 
heating  boiler  is  so  small  compared  with  the  amount  used  in  a  power  boiler 
that  any  slight  error  in  calculating  or  estimating  the  condition  of  the  fire  at 
the  end  as  compared  with  that  at  the  start  would  lead  to  a  large  degree  of 
error  in  the  actual  calculation  of  the  results;  for  it  will  be  conceded  that  in 
small  house  heating  boilers  in  burning  from  ten  to  fifty  pounds  of  coal  an 
hour,  two  or  three  pounds  of  fuel  would  make  quite  a  difference  in  the 
results,  while  it  would  be  almost  impossible  for  the  eye  to  determine  such  a 
small  difference.  Further  than  this,  it  would  prevent  tests  from  repeating; 
that  is,  in  running  a  series  of  tests,  a  sufficient  number  should  be  made  so 
as  to  get  confirmatory  results  or  until  the  results  repeat  very  closely. 

It  is,  of  course,  to  be  expected  that  no  two  tests  will  be  exactly  alike,  but 
within  certain  limits  tests  should  be  conducted  until  they  confirm  one  an- 
other. If  there  is  a  great  difTerence  between  tests,  it  is  undoubtedly  a  sign 
that  either  false  readings  have  been  made,  chimney  conditions  are  not  right, 
or  that  mistake  has  been  made  in  calculation. 

12.  Readings  should  be  taken  at  not  to  exceed  thirty  minute 
intervals,  while  draft  and  stack  temperatures  should  be  taken  at 
fifteen  minute  intervals. 

13.  Gas  analysis  should  be  made  at  least  every  hour  to  get  fair 
average  results. 

14.  Stopping :  When  the  time  set  for  the  end  of  the  test  arrives, 
the  fire  should  be  dumped  or  combustion  stopped  by  some  other 
method,  such  as  spraying  the  fire  with  water.  The  contents  of  the 
fire  pot  when  dumped  should  be  placed  in  tightly  covered  cans 
where  they  may  be  left  to  cool. 

After  cooling,  the  unburned  coal  and  ash  should  be  separated,  the 
unburned   coal   weighed  and  deducted   from  the  total  quantity  of 
,  f juel  .fed  to  the  boiler.     A  proximate  analysis  of  the  coal  should  be 
made  in  order  to  determine  its  various  constituentSir;.^Q'j j  -, 
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RATING 

On  the  question  of  commercial  rating  or  capacity,  we  have  no  sug- 
gestion to  offer  except  that  as  a  basis  of  comparison,  the  item  11  in 
report  form  appended  (Fuel  Available)  should  be  calculated  from 
area  of  fire  box  and  depth  to  center  of  fire  door  not  exceeding 
20  in.,  less  20  per  cent  for  reserve,  and  item  12  (time  fuel  available 
will  last)  figured  on  the  basis  of  eight  hours. 

A  formula  for  calculating  rating  is  given  by  1913  Committee  in 
their  report  and  is  endorsed  by  us  in  modified  form  as  follows : 
C  X  E 

=  boiler  capacity  per  hour  in  B.t.u. 

T 

Where  C  =  pounds  of  fuel  available  for  one  firing  period ; 

T  =  time  fuel  available  will  last ; 

E  =  the  total  B.t.u.  considered  available  per  pound  of  fuel  at  boiler 
outlet,  not  exceeding  results  shown  by  tests. 

If  rating  is  desired  in  equivalent  square  feet  direct  radiation, 
divide  capacity  in  B.t.u.  by  250  for  steam  and  150  for  hot  water. 

We  are  of  the  opinion  that  the  foregoing  will  cover  the  require- 
ments of  all  parties  interested  in  commercial  ratings  for  heating 
boilers,  whether  for  comparison  or  performance  under  average 
operating  conditions.  Where  boilers  are  installed  under  the  care  of 
a  fireman,  and  under  constant  attendance,  the  fuel  available  (C)  may 
be  considered  as  the  amount  of  coal  burned  per  hour. 

It  is  our  suggestion  that  this  report  be  placed  in  the  hands  of  a 
special  Code  Committee  for  complete  and  final  tabulation  with  due 
reference  to  the  points  brought  out  in  discussion. 

Respectfully  submitted. 

Homer  Addams,  Chairman 
P.  H.  Seward 

W.  S.  TiMMIS 

COMMITTEE  OF  NEW  YORK  CHAPTER. 

Jan.  16th,  1917. 
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REPORT  FORM 
For  Test  of  Low  Pressure  Heating  Boiler 

1. — Name  and  catalogue  rating   

2. — Grate  surface ;  width ,  length ,  area , 

3.— Date  of  test No.  of  test 

4. — Normal  operating  firing  periods   

5. — Duration  of  test   

6. — Times  fired   

7. — Longest  interval  between  liring 

8. — Fuel,  Name     Size 

9. — Fuel,  Calorific    value     

10. — Fuel  capacity,   pounds    

11. — Fuel    available   (less  re-kindling  reserve) 

12. — Fuel  available,  time  it  will  last,  hours .' 

13. — Fuel    depth  at  start  (after  firing),  inches 

14. — Fuel    depth    at   finish,   inches 

15. — Fuel  weight  as  fired,  lb - 

16. — Fuel    moisture,  per  cent  

17. — Fuel    weight  fired,  less  moisture,  lb 

18. — Fuel  weight  unburned  (including lb.  recovered  from  ash  pit) lb. 

19. — Fuel    burned  in  test,  lb 

20. — Fuel    burned  per  hour,  lb 

■  21. — Fuel    burned  per  sq.  ft.  grate  per  hour,  lb 

22.— Ashes,    lb 

23.— Clinker,  lb 

24. — Combustible,    lb 

25. — Temperature,  steam  or  flow,  fahr •. 

26. — Temperature,  feed  water  or  return,  fahr 

27. — Temperature,  gases  leaving  boiler 

28. — Temperature  boiler   room    

29. — Temperature  outside  air    

30. — Draft  intensity  in  smoke  pipe   

31. — Draft  intensity  over  fire    

32. — Draft  intensity  in   ash    pit    

33. — Friction  loss  through  flue   

34. — Friction  loss  through  fuel   

35. — Friction  loss  through   inlet 

36. — Steam  pressure  in  boiler  by  gage  

37. — Steam  pressure  in  receiver  by  gage 

38. — Percentage  of  moisture  in  steam 

39. — Percentage  of  CO2  in  escaping  gases per  cent. 

40. — Weight  of  water  fed  to  boiler    

41. — Weight  of  water  evaporated,  corrected  for  moisture  in  steam 

42. — Equivalent  evaporation   from  and  at  212  degrees 

43. — Evaporation  per  hour  of  test  

44. — Evaporation  per  lb.  of  coal  as  burned 

45. — Evaporation  per  lb.  of  combustible   

46. — Capacity,   total   available   B.t.u 

47. — Capacity  per  hour,   B.t.u 

48. — Capacity,  total  available  sq.  ft.  radiation 
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49. — Capacity  per  hour,  sq.   ft.  radiation ,^  ..';'.. . 

50. — Efficiency  of  boiler    ; . 

51. — Efficiency  of  boiler  and  grate 

52. — Losses,  grate 

53. — Losses,  stack  gas 

54. — Losses,  incomplete   combustion    

55. — Losses,  unaccounted    for    _ 

56. — Smoke  pipe,   size    ,  Length 

57. — Chimney,    size    ,  Height 

58.— Draft     ,  Inches 


DISCUSSION 

Homer  Addams:  There  is  no  question  but  that  for  the  past  ten 
years  there  has  been  a  demand  from  every  angle  in  the  Society  fo;* 
just  such  a  code  as  here  proposed.  Quite  an  amount  of  work  has  of 
course  been  done  by  the  Society  in  the  direction  of  a  standard  testing 
code  for  low  pressure  heating  boilers.  We  have  an  excellent  report 
in  the  Transactions  of  1914  (Vol.  XX,  page  19?),  by  the  Committee 
of  which  E.  A.  May  w^as  chairman.  There  have  been  other 
papers,  many  of  which  coupled  this  subject  of  testing  with  ratings^ 
and  that  has  at  times  brought  in  a  factor  of  unpleasantness,  which 
resulted  in  the  matter  being  put  to  sleep. 

When  the  Chapter  met  in  New  York  in  December,  last,  and  took 
up  this  subject  for  the  evening,  it  was  ably  discussed  by  a  number  of 
people  actively  engaged  in  testing  boilers.  We  had  a  pleasant  and 
valuable  discussion  and  we  were  aroused  that  evening  to  the  en- 
thusiasm of  manifesting  our  desire  for  such  a  code  to  be  presented 
at  the  Annual  Meeting,  which  resulted  in  the  establishment  of  this 
Committee. 

It  is  within  the  province  of  this  Society  to  deal  with  this  subject! 
either  individually  or  by  conferring  with  other  bodies.  An  excellent 
paper  has  recently  been  presented  before  The  American  Society  of 
Mechanical  Engineers  by  Profs.  Breckenridge  and  Prentice  (Annual 
Meeting,  December,  1916),  which  shows  us  that  even  the  other 
engineering  bodies  are  investigating  this  subject.  I  feel  that  every- 
one here  should  feel  heartily  concerned  about  this  subject  and  I 
hope  all  will  throw  their  best  interest  toward  it  and  assist  in  what 
may  be  done  toward  the  establishment  of  a  permanent  committee. 
Such  a  Committee  should  work  until  something  definite  has  been 
accomplished  and  a  Code  accepted  or  recommended  that  is  worthy 
as  a  Code  of  The  Amertcvn  Society  of  He.\ting  and  Ventil.att 
TNG  Engineers. 
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The  President  :  Before  the  report  is  thrown  open  for  discussion, 
we  will  hear  a  resolution  that  was  passed  at  a  meeting  of  Michigan 
Chapter  last  week. 

The  Secretary  read  the  following  resolution  from  Michigan 
Chapter : 

WHEREAS,  there  is  no  standard  code  for  testing  heating  boilers 
in  existence  which  has  recognition  by  engineering  authorities  and 
which  insures  uniformity  in  practice  in  collegiate  and  manufacturing 
laboratories,  permitting  reasonably  accurate  comparison  to  be  made 
of  the  work  of  various  investigators,  and 

WHEREAS,  a  similar  code  for  testing  of  radiators  has  never  been 
adopted,  and 

•  WHEREAS,  the  need  of  such  recognized  codes  has  been  indicated 
,by  the  general  interest  in  the  subject,  resulting  in  several  papers  to  the 
Society  by  members  and  non-members,  various  discussions  in  the 
Society  and  reports  by  committees;  one  of  which  has  under  con- 
sideration a  radiator  code,  now,  therefore,  be  it 

RESOLVED:  that  the  Michigan  Chapter  of  The  American 
Society  of  Heating  and  Ventilating  Engineers  in  regular  meet- 
ing assembled  suggest  to  the  Council  of  the  Society  that  definite 
action  be  taken  at  the  coming  Annual  Meeting  in  New  York,  which 
will  lead  to  the  adoption  of  such  codes  not  later  than  the  summer 
meeting  to  be  held  in  July. 

MICHIGAN  CHAPTER 

OF  The  American  Society  of 

Heating  and  Ventilating  Engineers 


•  Prof.  J.  R.  Allen  :  I  desire  to  endorse  the  action  of  the  Society 
in  taking  up  this  important  matter.  It  is  certainly  time  that  we  did 
something  definite  toward  the  establishment  of  a  Code  for  testing 
boilers. 

I  will  call  attention  to  some  of  the  points  of  the  report : 
The  Committee  recommends  a  twelve-hour  period  of  testing.  We 
have  found  in  making  tests,  particularly  on  small  boilers,  that  it  is 
desirable  to  have  regular  firing  periods.  The  period  of  test  should 
be  a  multiple  of  the  firing  period.  The  longer  the  tests  are  run,  the 
better,  and  they  should  be  of  at  least  twenty-four  hours'  duration, 
for  accuracy. 

In  the  fifth  paragraph  the  Committee  refers  to  anthracite  coal  to 
be  used  in  the  test.  In  our  section  of  the  country,  less  and  less 
anthracite  coal  is  being  used,  even  in  the  smaller  sizes,  and  it  is  the 
case  in  many  other  sections — it  is  practically  almost  out  of  use  in  the 
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Central  West.     Therefore,  I  do  not  think  there  is  any  reason  for 
limiting  the  fuel  to  anthracite. 

In  the  sixth  paragraph,  the  Committee  approves  a  rate  of  com- 
bustion of  from  5  to  10  lb.  per  hour,  per  sq.  ft.  of  grate.  Five 
pounds  would  give  approxirnately  an  eight-hour  firing  period,  and 
ten  pounds,  a  four-hour  period.  These  would  not  coincide  well  with 
the  length  of  test,  the  tests  would  start  and  stop  in  the  middle  of  a 
firing  period. 

I  heartily  endorse  the  Committee's  recommendation  that  the  tests 
be  made  at  atmospheric  pressure.    This  is  most  desirable. 

In  regard  to  method  of  starting,  I  would  take  exception  to  the 
statement  of  the  Committee.  I  have  tried  the  method  proposed,  of 
starting  with  a  new  fire,  and  I  have  found  that  it  is  not  satisfactory. 
We  have  abandoned  it  at  the  University  of  Michigan,  for  we  found 
the  only  satisfactory  method  of  test  is  by  the  method  of  "running 
start,"  making  the  test  long  enough  to  take  care  of  the  estimated 
amount  of  coal  on  the  grate.  Much  more  accurate  results  are  ob- 
tained with  the  "running  start"  than  with  the  standing  start.  The 
boiler  should  be  under  full  steaming  condition,  as  otherwise  the 
error  may  be  large,  if  it  is  advisable  to  check  the  test.  I  should 
strongly  recommend  that  it  be  brought  out  that  the  boiler  should  be 
brought  up  to  full  steaming  condition  at  least  four  or  five  hours 
before  the  test  begins,  because  of  the  heat  stored  in  the  cast  iron,  in 
the  covering  and  in  the  water  in  the  boiler. 

In  recent  years,  we  have  taken  our  readings  by  means  of  recording 
instruments  as  much  as  possible.  These  make  the  test  almost  self- 
recording.  If  calibrated  instruments  are  used,  and  the  feed  to  the 
boiler  is  automatic,  very  Httle  attendance  is  required. 

With  reference  to  the  item  of  gas  analysis, — we  usually  have  con- 
tinuous samples,  two  bottles  with  two  currents  of  gas  which  give 
almost  continuous  samples.  This  is  fairer  than  samples  taken  hourly. 
When  samples  are  taken  at  those  intervals,  you  do  not  get  them  under 
varying  conditions,  while  under  the  continuous  method,  you  have  all 
changing  conditions. 

When  unburned  coal  is  left  on  the  grates,  it  is  difficult  to  deter- 
mine the  value.  After  it  is  dumped,  some  of  the  coal  will  look  like 
ash,  and  the  only  way  to  get  the  unburned  coal  is  to  burn  it  up,  and 
find  by  this  test  the  amount  of  unburned  carbon  actually  left  in  the 
fuel  on  the  grate. 

J.  F.  McIntjre:  I  agree  with  Prof.  Allen  that  for  anthracite 
coal,  the  period  of  testing  should  be  eight  or  a  multiple  of  eight  hours, 
when  it  is  considered  that  house  heating  boilers  usually  have  eight- 


%  Discussion  on  Method  of  Testing  Heating  Boilers 

hour  firing  periods.  That  is  well  established  and  should  not  be 
changed.  Running  a  test  for  twelve  hours  stops  the  test  in  the  middle 
of  a  firing  period  and  you  cannot  get  correct  average  results.  In 
bituminous  coal  testing,  you  have  another  condition,  and  longer  tests 
are  necessary.  The  running  start  is  better  with  bituminous  coal 
than  with  anthracite. 

Regarding  Prof.  Allen's  remark  about  the  coal  on  the  grate,  if  one 
takes  out  what  often  looks  like  ash  and  breaks  it  open,  it  will  be 
found  50  or  75  per  cent  unburned.  This  might  be  true  on  the 
start,  and  therefore,  I  do  not  think  that  the  running  start  would  be 
as  good  a  one  as  the  Committee's  recommendation,  with  anthracite. 

In  the  fifth  paragraph,  the  Committee  specifies  Lehigh  coal.  I 
think  it  would  be  much  better  to  specify  a  heat  value,  taking  an 
average,  and  if  the  analysis  after  the  test  shows  that  the  coal  did 
not  come  up  to  the  standard,  results  should  be  corrected.  They 
might  use  12,500 — Lehigh  would  run  close  to  that.  Engineers  could 
then  make  tests  on  the  same  basis.  It  is  not  enough  to  specify 
Lehigh,  anyway,  for  that  varies. 

On  the  question  of  drafts,  there  are  some  chimneys  on  house  heat- 
ing boilers  where  it  would  be  dangerous  to  run  under  maximum  draft 
conditions.  It  would  be  better — and  I  think  the  Committee  had  it  in 
mind  when  they  mentioned  5  to  10  lb.  per  sq.  ft.  of  grate — to  work 
within  that  range  and  not  have  the  maximum  working  capacity  over 
that  amount.  There  they  again  probably  refer  to  anthracite  and  lose 
sight  of  bituminous,  which  in  low  pressure,  smokeless  type  of  boil- 
ers can  be  burned  at  a  rate  of  combustion  to  exceed  10  lb.  of  coal 
per  sq.  ft.,  with  excellent  results. 

As  to  gas  analysis,  more  readings  should  be  taken  than  one  an  hour, 
especially  if  soft  coal  is  used.  It  is  our  practice  to  use  recording 
apparatus  that  will  take  twenty  readings  per  hour  instead  of  one; 
every  one  of  these  varies,  so  I  do  not  think  that  average  results  could 
be  obtained  by  the  hourly  readings. 

Regarding  the  method  of  treating  unburned  coal,  it  has  been  my 
practice  to  take  the  unburned  coal  after  it  is  dumped,  put  it  in  a 
container,  seal  it  and  place  it  on  the  scales.  By  weighing  again 
when  cool  it  is  possible  to  get  very  closely  the  amount  of  combus- 
tion that  has  taken  place  after  the  fire  was  dumped.  Then  you  can 
consider  this  as  unburned  coal  and  make  a  correction  for  the  test, 
which  gives  you  a  more  accurate  check  than  the  method  stated  here, 
on  the  actual  fuel  consumed. 

As  to  the  item  mentioning  20  in.  below  the  fire  door,  I  have  found 
in  some  cases  that  the  highest  efficiency  is  obtained  where  the  fire 
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IS  deeper  than  20  -in.,  especially  with  bituminous  coal ;  as  the  depth 
increased  the  efficiency  increasea.  Of  course,  this  is  pretty  close  to 
the  limit  on  anthracite. 

Arthur  K.  Ohmes  :  We  can  get  valuable  information  with  these 
tests  as  recommended,  but  do  we  then  have  what  we  need?  After  all, 
we  want  information  that  is  thoroughly  practical.  I  have  two 
charts  that  I  will  show  and  point  out  what  I  believe  is  essential  for  a 
heating  engineer  to  have.  It  is  simple,  but  complicated,  at  the  same 
time.     In  other  countries,  most  of  the  manufacturers  publish  with 
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FIG.   1.     CURVES   SHOWING   REL.XTIOXS   OF   EFFICIENCY  AND   .\TTEND.\NCE 
TO  CAPACITY  OF  .\  BOILER 

their  boiler  data  as  to  dimensions,  also  complete  performance  data. 
Our  manufacturers  here  want  to  give  us  as  little  information  as 
possible,  instead  of  as  much  as  possible.  We  are  told  that  a  boiler 
has  a  capacity  of  5,000  sq.  ft.  of  radiation,  but  must  assume  less 
surface  than  the  amount  stated.  We  must  even  figure  covered  pipes 
the  same  as  uncovered  pipes. 

Referring  to  the  charts,  Figs.  1  and  2,  you  will  note  that  the  highest 
efficiency  is  secured  at  55  per  cent  of  the  rating,  which  is  the  average 
running  of  the  boiler.  That  is,  a  boiler  is  usually  called  upon  to 
deliver  heat  at  about  55  per  cent  of  its  rating,  and  is  not  run  at  its 
maximum  more  than  two  or  three  times  a  year.  Average  house 
heating  boilers  vary  between  one-third  and  tw^o-thirds  of  maximum 
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Operation.  These  two  curves  show  capacity  and  efficiency,  and  are 
more,  complete  than  anything  we  now  get.  It  should  be  possible  for 
the  manufacturer  to  give  us  something  like  this,  and  I  should  like 
to  see  given  for  each  boiler,  two  such  curves ;  then  anyone  could  pick 
out  the  best  boiler  for  the  purpose  he  desired.  If  the  boiler  is  run  at 
two-thirds  its  capacity,  it  will  only  require  firing  at  ten-hour  periods; 
at  one-third  its  capacity,  thirteen-hour  periods,  etc.     Two  curves 
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FIG.   2.     CURVES   SHOWING  THE  VARIOUS  RELATIONS    IN   THE   OPERATION 

OF  A   BOILER 


like  this  will  give  the  engineers  all  they  want ;  the  way  tests  should 
be  conducted  is  another  proposition  and  it  is  a  matter  for  the  manu- 
facturers to  decide,  as  long  as  they  will  furnish  unquestionable 
security  that  their  tests  are  accurate. 

James  A.  Donnelly  :  There  is  one  thing  I  hope  the  Committee 
will  consider,  and  that  is  looking  into  the  subject  of  methods 
of  testing  now  in  use.  I  was  on  some  Committees  that  did  some 
work  for  the  establishment  of  standards,  and  I  do  not  think  any 
of  those  committees  made  too  many  investigations.  I  would  also 
like  to  ask    how    they    would    recommend    the    testing    of    down- 
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draft  smokeless  boilers,  with  double  grates.  Standing  starts  do  not 
seem  to  apply  to  this  type  of  furnace.  They  are  coming  into  wide 
use,  and  I  do  not  think  we  should  adopt  a  standard  for  testing  boil- 
ers that  does  not  cover  them. 

F.  K.  Davis  :  As  this  is  to  be  a  standard  code  for  testing  boilers, 
there  are  two  points  to  be  considered,  the  manufacturer's  viewpoint 
and  the  viewpoint  of  the  engineer.  At  the  present  time  if  there  is  a: 
question  of  boiler  rating  on  an  installation,  how  shall  a  boiler  be 
tested  so  that  the  engineer  can  see  if  his  client  has  obtained  what  he 
paid  for?  That  is  one  point  that  must  be  considered.  If  an  engi- 
neer is  called  in  to  make  a  report  on  a  plant,  among  other  things,  the 
boiler  will  have  to  be  tested,  and  if,  as  I  take  it,  the  intention  of  this 
code  is  to  lay  down  standard  rules,  or  establish  some  middle  ground 
between  the  consulting  engineer  and  the  manufacturer,  I  think  some 
parts  of  this  report  could  be  made  clearer. 

In  the  fifth  paragraph  of  the  Report,  instead  of  specifying  one 
kind  of  coal,  it  would  be  better  to  specify  that  the  coal  should  con- 
tain not  less  than  a  certain  number  of  B.t.u.'s  per  pound. 

Where  it  is  stated  that  "the  boiler  should  be  connected  up  to  a 
suitable  chimney  flue,"  I  think  some  fixed  draft  condition  should  be 
named— a  maximum  and  a  minimum. 

In  the  paragraph  advising  that  the  boiler  be  thoroughly  cleaned 
out,  etc.,  this  brings  to  mind  that  only  to-day  in  one  of  our  technical 
publications,  I  read  that  an  engineer  advises  that  surface  blowing 
be  resorted  to,  to  increase  the  efficiency  of  the  boiler. 

Where  the  separator  is  recommended,  the  efficiency  of  the  sep- 
arator should  be  stated.  If  we  do  not  do  this,  we  can  put  on  anything 
and  call  it  a  separator. 

I  agree  with  Mr.  Mclntire  and  Prof.  Allen  that  the  period  of  test 
should  exceed  twelve  hours.  I  have  been  called  in  where  there  was 
a  controversy  in  regard  to  the  boiler,  and  satisfactory  results  were 
not  obtained  by  a  twelve-hour  test.  Personally,  I  know  that  period 
of  test  is  too  short ;  IG  or  24  hours  is  a  better  length  of  time. 

Thomas  Barwick  :  It  has  been  my  experience  to  maintain  the 
building  at  70  deg.  by  the  heating  apparatus,  and  then  without  chang- 
ing the  conditions,  test  the  plant  for  twelve  hours.  The  operation 
of  the  boiler,  of  course,  was  such  as  was  necessary  to  maintain  the 
building  at  70  deg.  fahr.,  under  the  conditions  under  which  it  was 
usually  operated.  I  have  tried  to  operate  the  boilers  at  a  pressure  of 
one  or  two  pounds.  The  amount  of  coal  has  varied  4  to  8  lb.  per 
sq.  ft.  of  grate. 
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'•The  chimney  has  a  great  influence  on  the  operation  of  the  boiler. 
'I  know  of  one  c^se  where  the  chimney  was  40  ft.  high,  and  the  con- 
tractor claimed  it  was  too  small.  It  was  not  the  fault  of  the  boiler ; 
its  rating  was  all  right,  but  the  chimney  conditions  were  not  proper. 
In  the  same  way,  you  must  take  into  consideration  other  things  as 
well  as  chimney,  heating  surface,  amount  of  fuel  on  the  grate,  etc. 
J>io  two  conditions  are  absolutely  the  same,  and  you  cannot  figure 
any  test  condition  as  being  equal  to  actual  conditions  under  which  the 
boiler  would  probably  operate. 

Wm,  Kent  :  I  wish  to  commend  what  Mr.  Ohmes  has  shown  in 
Figs.  1  and  2.  I  also  agree  with  Prof.  Allen  when  he  condemns  short 
tests. 

i  In  the  Code  proposed,  it  says  the  boiler  should  be  charged  with  the 
"fuel,  including  the  last  charge  of  wood,"  and  the  boiler  be  given 
"credit  for  the  unburned  fuel."  Nothing  is  said  about  the  difference 
in  quality  between  the  fuel  put  in  and  that  left  at  the  end.  If  we 
take  out  different  material  from  what  we  put  in — the  volatile  matter 
gone  and  some  of  the  carbon  gone — what  is  left  may  look  like  coal 
but  it  is  not  as  good.  It  is  incorrect  to  give  credit  to  the  boiler  for 
unburned  fuel,  in  this  way.  All  results  should  be  corrected  by 
analysis,  to  get  the  true  values. 

I  I  think  it  is  better  to  follow  the  plan  of  having  the  boiler  running 
regularly,  and  let  it  burn  down  until  just  enough  hot  coal  is  left  to 
start  a  new  fire,  and  then  fire  new  coal.  In  stopping,  about  an  hour 
or  so  before  the  test  is  to  stop,  stop  firing  coal  and  let  it  burn  down 
again.  At  the  end  then,  we  have  practically  the  same  conditions  as 
those  with  which  we  began. 

I  hope  the  Committee  will  take  the  suggestion  that  has  been  made 
about  studying  Prof.  Breckenridge's  paper  presented  before  the 
A.  S.  M.  E.,  and  they  might  also  see  the  paper  I  presented  on  the 
same  subject  (Transactions,  Vol.  XV,  page  93)  and  consider  these 
in  bringing  out  a  good  report.  Before  the  report  is  finally  published, 
I  hope  that  tests  will  be  made  under  practical  conditions.  I  would 
suggest  that  the  condition  be  established  that  coal  shall  be  burned  at 
the  rate  of  4  lb.  per  sq.  ft.  per  hour.  I  believe  that  should  be  the 
basis  for  a  standard  rating  for  a  house  heating  boiler. 

J.  D.  Cassell:  As  I  understand  this  code,  it  is  to  be  used  by 
engineers  in  testing  boilers  in  all  parts  of  the  country, — that  it  can 
be  used  in  any  locality  by  any  engineer  or  manufacturer.  Then  I 
think  your  labors  are  in  vain,  for  I  do  not  think  you  will  get  the 
desired  results.  What  would  be  the  proper  thing  is  for  this  Code 
Committee  to  go  on  perfecting  a   Code  and  have  it  possible   for 
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boilers  to  be  tested  under  identical  conditions  and  approved  with 
the  stamp  of  this  Society,  for  just  what  the  results  show.  I  do  not 
think  you  can  get  a  Code  that  will  satisfy  all  engineers  and  manufac- 
turers or  be  properly  applied  by  them.  But  it  would  be  of  benefit 
if  the  Society  could  have  a  Code  called  the  Code  of  The  American 
SociFTY  OF  Heating  and  Ventilating  Engineers  and  then  let  any 
engineer  or  manufacturer  who  so  desires,  have  his  boiler  tested  under 
direction  of  the  Society  and  their  stamp  placed  thereon. 

Wm.  Kent:  If  the  manufacturers  are  going  to  test  boilers  and 
get  records  for  their  benefit,  then  they  ought  to  have  an  opportunity 
of  sending  the  boilers  to  some  laboratory  where  they  could  be  placed 
on  a  platform  scale  and  weighed  continually  during  the  test.  It  would 
then  be  possible  to  weigh  the  coal  actually  consumed.  This  would  be 
the  greatest  improvement  in  getting  the  rate  of  coal  consumption. 

J.  D.  Cassell  :    That  follows  my  line  of  thought. 

A.  Merzanoff^  :  The  New  York  Chapter  of  the  Society  must  be 
complimented  for  their  initial  effort  to  standardize  a  testing  Code 
for  house  heating  boilers.  Due  to  lack  of  time  I  have  not  been  able 
to  thoroughly  study  their  Report.  I  can  detect,  though,  that  many 
points  are  treated  in  too  broad  a  manner.  My  suggestion  is  that  the 
Society  adopt  the  Committee's  report  and  then  appoint  a  Committee 
of  the  most  competent  in  this  subject  to  investigate  and  formulate  a 
standard  Code  for  house  heating  boilers.  To  this  Committee,  the 
Institute  of  Thermal  Research  in  Buffalo  extends  an  invitation  to 
visit  and  study  our  methods  and  the  apparatus  used.  At  the  same 
time  we  will  assure  them  of  every  assistance  and  collaboration  to 
bring  this  excellent  idea  to  happy  issue  which  we  know  has,  as  an 
ultimate  object,  the  further  comfort  of  the  American  home. 

Prof.  J.  R.  Allen  :  Answering  Mr.  Donnelly's  request  for  infor- 
mation on  boilers  with  double  grates,  I  have  never  found  it  practical 
to  test  this  type  of  boilers  except  with  the  running  start,  as  described 
by  Prof.  Kent. 

Homer  Addams  :  Most  of  these  items  that  have  come  up  here  are 
just  points  where  one  varies  with  another ;  there  are  very  few  points 
in  which  we  are  unanimous.  Our  Committee  knew  this  and  tried  to 
strike  a  middle  ground.  We  are  only  here  as  a  Committee  from  the 
Chapter,  and  we  have  not  gone  into  every  little  detail  that  we  might 
have  covered. 

If  we  had  considered  the  matter  of  draft,  we  would,  of  course, 
have  expected  the  conditions  to  be  correct.     We  did  not  intend  to 


»  With  Institute  of  Thermal   Research,   Buffalo,   N.   Y. 
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ignore  bituminous  coal,  and  we  mentioned  Lehigh  because  it  has 
good  steaming  qualities.  If  we  had  mentioned  bituminous,  we  would 
probably  have  stated  Pocahontas.  I  think  there  should  be  some 
general  average  coal  named.  There  are  lots  of  little  things  that  would 
go  to  make  a  detailed  formula,  and  perhaps  tests  would  need  to  be 
worked  up,  but  after  our  engineers  had  worked  on  this  and  after  we 
had  heard  their  discussion,  we  would  have  something  that  would 
satisfy  everyone — the  manufacturers,  designers  of  heating  plants, 
and  everyone  using  boilers. 

I  hope  you  will  accept  this  report  that  the  Committee  brings  you, 
and  consider  it  as  a  start.  Then  place  a  good  Committee  to  work,  one 
that  will  go  ahead  and  hear  people  and  experiment  until  they  have 
a  collection  that  will  make  our  Society  stand  for  something  that  is 
worth  while,  in  the  establishment  of  the  Code.  I  therefore  make  the 
following  motion : 

That  a  permanent  Committee  be  appointed  to  create  a  standard  for 
testing  low  pressure  heating  boilers,  and  that  this  Committee  receive 
discussion,  criticism,  and  suggestions,  until  they  have  a  report  that 
is  acceptable  to  this  body. 

The  motion  was  seconded. 

The  President  :    Are  there  any  remarks  ? 

W.  F.  GooDNOW :  I  had  in  mind  before  Mr.  Addams  made  this 
motion,  to  offer  a  motion  on  the  subject.  With  Mr.  Addams'  per- 
mission, I  should  like  to  read  it  as  possibly  he  may  be  willing  to 
accept  it  in  lieu  of  the  one  he  has  just  made. 

Homer  Add.\ms  :    I  would  be  glad  to  have  it  read. 

W.  F.  GooDNOW  :    This  is  what  I  had  intended  to  offer : 

I  move  that  a  committee  approved  by  the  Council,  be  appointed  by 
the  President.  This  committee  shall  consist  of  three  members  who 
are  not  employed  either  directly  or  indirectly  by  manufacturers  of 
heating  material,  but  who  shall  be  engaged  in  the  planning  or  installa- 
tion of  heating  systems. 

This  committee  when  so  formed  shall  formulate  and  draw  up  a 
Standard  Method  of  Testing  and  Rating  Heating  Boilers  and  codify 
such  Standards  of  Testing  to  make  them  available  to  manufacturers 
when  testing  boilers  at  point  of  manufacture  and  also  testing  methods 
necessary  to  substantiate  guarantee  of  efficiency  and  ratings  of  boil- 
ers when  installed  in  service. 

The  committee  shall  hold  public  meetings  in  sufficient  number  and 
places  to  allow  all  interested  parties  an  opportunity  to  suggest  and 
advise  with  them  and  a  proper  record  of  such  suggestions  shall  be 
kept.  These  public  meetings  shall  be  held  at  stated  times  and  places 
as  announced  in  the  Journal  of  the  next  issue. 
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This  committee's  report  shall  be  made  to  the  Society  at  the  Semi- 
Annual  meeting  of  1917,  and  the  Secretary  of  the  Society  shall 
have  printed  and  mail  copy  of  this  report  to  the  members  and  other 
interested  parties  at  least  two  weeks  prior  to  this  date.  The  Society 
shall  then  vote  by  letter  ballot,  not  later  than  30  days  from  the  date 
of  the  meeting,  to  adopt  as  a  Standard  of  '.he  Society,  the  report  as 
set  forth  by  the  committee  or  to  reject  same. 

The  committee  shall  be  empowered  to  draw  on  the  treasury  of  the 
Society  for  the  necessary  expenses  to  properly  carry  out  their  work. 
This  amount  shall  not,  however,  exceed  $2,000  total. 

I  might  explain  in  detail  what  my  reasons  for  this  motion  are.  Re- 
ferring to  the  first  clause, — from  time  to  time  the  Society  has 
appointed  committees  on  this  subject,  invariably  having  one  or  more 
manufacturing  representatives  on  them,  and  they  have  brought  in 
reports  that,  so  far  as  I  can  find  out,  have  been  received  by  the 
Society  and  that  is  all  which  has  ever  happened.  No  attempt  to 
make  them  Standards  of  the  Society  has  ever  been  successful,  I 
believe,  because  of  the  suspicion,  absolutely  unwarranted  without 
doubt,  but  still  there,  on  the  part  of  other  manufacturers,  who  were 
not  represented  on  the  committees.  The  proposed  membership  of 
this  committee  removes  any  chance  of  such  suspicion. 

As  to  the  second  clause, — this  needs  no  explanation  except  that  to 
test  a  boiler  some  standard  of  measurement  must  be  used,  hence  the 
word  rating.  Also  I  believe  the  time  is  coming  when  heating  boil- 
ers will  be  bought  on  an  efficiency  basis  as  power  boilers  now  are; 
consequently  we  should  be  prepared  for  tests  made  under  working 
conditions. 

The  third  clause  is,  I  believe,  clear  without  comment. 

In  the  fourth  clause  lies,  I  believe,  the  assurance  that  something 
would  really  be  done.  It  gives  everybody  an  opportunity  to  discuss 
the  report  before  adoption,  but  also  does  assure  that  it  will  not  be 
talked  to  death,  as  all  previous  reports  have  been,  because  it  necessi- 
tates a  letter  vote,  giving  members  who  caimot  be  present  an  oppor- 
tunity to  record  their  views. 

As  to  the  fifth  clause, — money  is  essential  and  if  we  do  not  think 
enough  of  the  idea  to  supply  funds  to  carry  on  the  work,  which  so 
many  of  the  members  think  is  essential  to  the  well-being  of  the  So- 
ciety, we  might  as  well  not  start  and  had  better  wait  for  some  other 
body  which  will  spend  the  money  and  thinks  it  is  worth  while  to  do 
it  for  us.  No  doubt  they  will  if  we  show  no  more  initiative  than  we 
have  in  the  past. 

J.  Irvine  Lyle  :  This  suggestion  may  be  good  in  the  main,  but  I 
think  it  would  be  unfortunate  if  this  matter  was  taken  up  and  the 
people  most  vitally  interested  were  excluded.     In   fact,  I  do  not 
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think  anything  would  be  accomplished  if  the  manufacturers  were  ex- 
cluded. We  would  have  a  hard  time  getting  people  in  the  consulting 
engineering  line  to  give  the  necessary  time  to  the  formulation  of  a 
Code.  There  would  need  to  be  some  self-interest  to  bring  about 
sufficient  enthusiasm  and  I  believe  better  results  would  be  had  if  the 
Committee  were  well  balanced.  First,  manufacturing  interests,  men 
interested  in  heating  apparatus  and  boilers,  and  then  engineering 
contractors,  etc.,  and  third,  the  consulting  engineers  who  are  speci- 
fying boilers  for  use. 

I  think  it  would  be  a  great  mistake  to  limit  the  Committee  to  one 
set  of  men.  The  manufacturer's  viewpoint  must  be  considered  as 
he  is  studying  the  problems  that  interest  the  engineers.  -  I  am  enough 
of  an  optimist  to  believe  that  the  progressive  manufacturer  is  above 
the  little  meanness  that  would  have  him  try  to  select  a  fake  code,  to 
be  used  throughout  the  country,  just  to  benefit  his  particular  boiler. 
Men  can  be  found  who  are  too  big  for  that  sort  of  thing. 

R.  A.  Wolff  :  In  view  of  the  fact  that  manufacturers  are,  as  has 
been  pointed  out  by  Mr.  Lyle,  the  most  familiar  with  the  best  method 
of  test,  and  that  on  the  other  hand  the  engineers  are  the  ones 
who  specify  boilers,  perhaps  a  good  scheme  would  be  one  that  calls 
for  more  work,  but  one  that  would,  I  believe,  warrant  the  extra 
work :  Have  a  committee  of  manufacturers  prepare  a  report  to  be 
submitted  to  a  second  committee  of  consulting  engineers,  who  are  to 
pass  on  it  before  it  is  presented  to  the  Society  for  final  action. 

P.  H.  Seward  :  This  subject  of  boiler  tests  will  not  progress  very 
fast  while  things  are  blocked  by  insistence  on  technical  differences. 
The  question  must  be  considered  in  its  broad  aspects  as  a  method  of 
testing  under  some  conditions  agreed  upon  as  suitable  for  purposes 
of  comparison.    Surely,  this  is  very  simple. 

Allow  me  to  call  your  attention  to  some  of  the  differences  that 
have  developed  during  this  discussion  and  show  how  nearly  we  are 
together  on  the  broad  fundamentals,  keeping  in  mind  that  what  we 
are  after  is  a  proposed  Code  for  a  standard  test  on  which  to  base 
comparisons  and  not  for  the  purpose  of  design. 

Prof.  Allen  would  prefer  a  24-hour  run  and  thinks  he  would  get 
better  results  than  by  testing  for  12  hours.  This  is  not  a  vital  point 
and  there  can  be  no  serious  objection  to  lengthening  the  time.  Why 
not  adopt  it  if  the  majority  are  so  disposed? 

He  also  objects  to  anthracite  coal  and  would  substitute  some  other 
standard  fuel.  That  is  also  a  difference  of  opinion.  We  have  pro- 
posed anthracite  as  the  most  available  fuel  but  of  course,  any  coal 
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decided  upon  will  answer  the  purpose,  if  it  gives  opportunity  for 
comparisons. 

The  use  of  tests  with  5  to  10  lb.  average  rate  of  combustion  is  also 
criticized  by  Prof.  Allen,  but  the  point  is  of  little  interest,  so  long  as 
we  keep  within  the  confines  of  average  practice.  Suppose  it  is  3  or 
7  or  12  lb. — the  difference  in  the  rate  of  combustion  will  make  very 
slight  change  in  the  efficiency  results  and  what  is  sought  is  a  com- 
parison only. 

Prof.  Allen  would  also  like  to  test  at  atmospheric  pressure,  to 
which  there  is  no  objection,  if  the  majority  so  desire  it,  as  it  repre- 
sents only  a  difference  of  opinion  as  to  convenience  of  operation  and 
that  will  not  interfere  with  the  results  for  comparative  purposes. 

The  question  of  a  running  start  instead  of  a  standing  start  is  also 
pretty  much  a  difference  of  opinion.  If  a  long  test  is  used,  the 
running  start  would  probably  be  satisfactory.  There  will  be  as  many 
opinions  as  there  are  people  present,  in  all  probability,  but  these 
opinions  are  largely  technical,  while  the  thing  we  are  after  is  a  set 
of  rules  for  comparative  purposes. 

Individual  tests  for  some  specific  object,  can  be  made  in  any  way 
that  the  individual  selects,  to  best  bring  out  the  purpose  which  he 
has  in  mind.  The  use  of  self-recording  instruments  is  certainly 
not  objectionable  and  it  might  be  a  good  idea  to  make  it  a  part  of  the 
Code  requirements.  The  same  might  be  said  of  continuous  gas 
analysis. 

Prof.  Allen's  ideas  are  all  good  and  could  be  used  in  a  standard 
test  without  hurting  it  in  any  way.  Surely,  no  one  can  object  to 
burning  out  fuel  at  the  end  of  the  test,  if  that  gives  more  accurate 
resultf  than  the  method  described  in  report  and,  at  the  same  time,  as 
practicable. 

Mr.  Mclntire  wants  a  24-hour  test  like  Prof.  Allen,  but  he  prefers 
the  standing  start,  as  outlined  in  our  report.  Here  again,  is  a  dif- 
ference of  opinion  but  both  are  probably  good  for  individual  tests, 
although  we  must  have  a  selection  of  one  method  for  a  standard 
Code.  Mr.  Mclntire  also  makes  the  same  point  as  Prof.  Allen  about- 
using  bituminous  coal  and  there  may  be  something  in  the  idea  of 
that  kind  of  coal  being  more  available  than  anthracite.  There  can 
certainly  be  no  objection  to  specifying  the  B.t.u.  value  of  the  coal,  no 
matter  whether  we  use  anthracite  or  bituminous,  as  the  standard  for 
comparative  purposes,  or  the  method  of  treating  the  unburned  fuel, 
about  which  Mr.  Mclntire  has  some  special  ideas  worth  considera- 
tion, as  is  also  his  suggestion  that  we  should  not  limit  the  depth  of 
fuel  bed  at  the  start  to  20  in.    I  think  these  are  simply  conditions  that 


106  Discussion  on  Method  of  Testing  Heating  Boilers 

could  easily  be  standardized  as  they  have  no  inherent  objectionable 
features. 

The  charts  which  Mr.  Ohmes  shows  in  Figs.  1  and  2,  are  certainly 
good,  because  they  show  actual  performance  and  what  can  be  ex- 
pected under  average  operation,  as  against  what  are  usually  consid- 
ered extremes. 

Mr.  Donnelly  would  like  an  investigation  of  all  methods  of  testing, 
which  is  certainly  not  objectionable  and  he  would  also  like  to  know 
how  to  test  double  grate  boilers.  This  question  of  double  grates  is 
one  that  should  be  investigated  further. 

Mr.  Davis  would  like  to  know  the  B.t.u.  value  of  the  coal  used  and 
he  would  also  like  to  name  several  standard  makes  of  steam  sep- 
arators, to  both  of  which  there  is  probably  no  objection. 

Mr.  Barwick  gets  after  our  old  friend,  the  boiler  rating,  and  rather 
implies  that  the  manufacturer  is  trying  to  put  over  some  hocus- 
pocus  proposition  to  fool  the  steamfitters  and  engineers.  I  think 
you  will  find  that  the  manufacturers  are  testing  boilers  substantially 
as  outlined  in  our  report,  or  at  least,  in-  a  similar  way.  Mr.  Mc- 
Intire  and  Mr.  Merzanoff  may  start  differently  or  something  of  that 
kind,  but  their  results  will  be  available  for  comparative  purposes,  if 
they  both  use  the  same  standard  code  for  testing,  regardless  of  which 
may  be  the  most  convenient.  The  rating  takes  care  of  iteslf,  but  we 
must  have  a  standard  test  to  get  comparisons  for  those  who  desire 
them. 

The  long  time  test,  as  proposed  by  Prof.  Kent,  follows  the  same 
lines  as  suggested  by  Prof.  Allen  and  there  can  be  no  objection,  if  it 
is  the  most  convenient  standard  method,  and  the  same  might  be  said 
of  the  proposal  to  deduct  for  volatile  matter  at  end  of  test. 

Prof.  Kent  likes  the  standing  start  and  is  in  favor  of  a  standard 
rating  based  on  the  combustion  of  4  lb.  of  coal  per  sq.  ft.  of  grate 
per  hour,  but  that  appears  to  be  impossible,  according  to  the  charts 
exhibited  and  explained  by  Mr.  Ohmes. 

Mr.  Cassell  would  like  to  have  a  Society  Testing  Laboratory  and 
with  all  apologies  to  him,  I  think  it  is,  nevertheless,  a  splendid  idea, 
but  not  practical  and  could  not  be  established.  If  a  manufacturer 
makes  and  reports  tests  according  to  a  standard  code,  you  will  not 
need  to  question  the  accuracy  because  it  must  be  kept  in  mind  that 
a  cast  iron  heating  boiler  is  made  from  patterns  and  each  casting  or 
boiler  is  a  duplicate  of  many  others  made  from  the  same  patterns. 
Thousands  of  boilers  are  made  from  duplicate  patterns  and  all  are 
alike.  Therefore,  when  you  test  one,  you  in  efifect,  test  them  all.  A 
test  at  the  laboratory  of  the  manufacturer  or  at  any  other  place, 
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will  tell  what  that  boiler  or  its  "duplicate  will  do  under  the  same 
conditions  or  their  equivalent  at  any  other  place. 

There  is  no  need  to  test  on  the  job  for  boiler  results.  Job  tests 
have  to  do  with  installation  results  and  when  you  find  trouble  on  the 
job,  it  is  usually  a  case  which  requires  the  services  of  an  engineer 
and  not  the  manufacturer  of  the  boiler.  What  we  need,  as  a  matter 
of  fact,  is  better  engineers — not  so  much  better  manufacturers.  Mr. 
Merzanofif  says  the  report  is  good  and  to  go  ahead  with  it. 

I  think  I  have  given  you  enough  to  show  that  we  only  differ  on 
technical  points  and  conditions  and  you  could  go  on  discussing  those 
matters  in  open  meeting  and  not  get  anywhere.  If  you  want  some- 
thing practical,  why  not  take  our  report  as  it  stands  and  with  a  few 
additions  or  changes  in  the  code,  have  something  to  try  out  for  a 
few  years  at  least.  As  experience  develops  our  knowledge,  we 
can  find  little  things  to  be  changed  and  gradually  reach  somewhere 
near  perfection. 

I  think  that  we  can  accomplish  something  worth  while,  if  we 
approach  this  matter  in  the  spirit  of  compromise.  It  is  sure  that 
controversy  will  get  us  nowhere  and,  on  the  other  hand,  will  result 
in  discredit  to  the  Society,  justifying  the  criticism  in  a  recent  paper 
on  similar  subject  before  a  kindred  Society  to  the  effect  that  there 
was  a  lack  of  effort  on  our  part  to  solve  this  matter  of  a  standard 
Code  for  testing  heating  boilers,  which  was  particularly  within  our 
domain.  I  think  it  is  our  problem  and  we  should  attempt  to  solve 
it  here  and  now. 

Tpieo.  Weinshank  :  I  called  on  Professor  Breckenridge  to-day 
at  New  Haven  and  while  there  discussed  with  him  the  paper  he  has 
read  before  the  American  Society  of  Mechanical  Engineers  on  the 
proposed  Code  for  Testing  Cast  Iron  Boilers.  Prof.  Breckenridge 
expressed  his  opinion  that  as  a  mechanical  engineer,  the  code  of  test- 
ing is  essential — that  engineers  who  have  the  opportunity  and  fa- 
cilities to  make  tests  of  cast  iron  boilers  would  have  the  data  and 
the  code  at  their  disposal.  I  agree  with  Prof.  Breckenridge  when  he 
states  that  it  is  up  to  the  heating  engineers  to  rate  cast  iron  boilers, 
using  the  code  for  testing  as  a  basis. 

Prof.  Breckenridge  showed  me  the  results  of  about  100  tests  on 
different  cast  iron  boilers  and  the  results  vary  from  9  lb.  water 
evaporated  per  pound  of  coal  to  that  of  6  lb. 

These  result?  give  us  nothing  unless  we  know  the  ratios  of  the 
heating  surface  to  that  of  grate  surface,  the  ratio  of  direct  heating 
surface  to  that  of  indirect,  etc.  In  my  opinion  it  is  up  to  the  heating 
engineers  to  determine  the  rating  of  boilers,  using  the  Code  given 
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in  the  paper  and  determining  the  rating  of  a  boiler  in  such  way  that 
the  layman  as  well  as  the  heating  contractor  can  select  a  cast  iron 
boiler  intelligently. 

In  reference  to  the  statement  made  in  the  paper  of  Prof.  Brecken- 
ridge  that  a  distinction  should  be  made  between  a  heating  boiler  and 
a  power  boiler,  will  state  that  a  cast  iron  boiler,  whether  a  2,000  ft. 
heating  boiler  or  a  10,000  ft.  heating  boiler,  it  is  always  a  heating 
boiler  and  cannot  be  and  should  not  be  classed  as  a  power  boiler.  Once 
the  word  Pozver  Boiler  is  used,  there  are  some  States  where  a 
licensed  engineer  would  be  required  to  operate  the  boiler,  even  though 
it  is  used  only  for  heating  purposes,  carrying  about  5  lb.  pressure. 

The  President  :  There  is  a  subsequent  motion  that  this  matter 
be  referred  back  to  the  Committee  for  a  definite  report,  which  will 
have  to  be  considered  first. 

Frank  K.  Chew  :  The  original  motion  had  a  substitute  motion. 
I  will  therefore  make  a  motion  that  the  Report  be  received  and  re- 
ferred back  to  the  Committee,  or  a  Committee  appointed  by  the 
president.  To  receive  the  report  gives  it  some  standing,  and  I  think 
the  work  of  the  Committee  and  the  interest  of  New  York  Chapter 
entitles  it  to  this  consideration.  It  is  time  we  made  some  progress 
toward  the  establishment  of  standards.  Don't  let  us  stop  this  here ; 
let  us  do  something.  So  I  will  make  this  amended  motion  that  the 
report  be  received  and  the  work  continued  by  the  Committee  to  be 
appointed  by  the  President. 

Walter  S.  Timmis  :  While  I  agree  with  Mr.  Chew  in  what  he 
says,  I  would  rise  to  a  point  of  order,  on  his  motion.  The  original 
motion  supersedes  it. 

The  President  :    We  will  have  the  original  motion  read. 

(Motion  read  by  stenographer)  :  That  a  permanent  Committee  be 
appointed  to  create  a  standard  for  testing  low  pressure  heating 
boilers,  and  that  this  Committee  receive  discussion,  criticism  and 
suggestions,  until  they  have  a  report  that  is  acceptable  to  this  body. 

The  motion  was  put  to  a  vote  and  carried. 
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1  HE  DURABILITY  OF  MATERIALS  CONVEYING 
STEAM.  AIR  AND  WATER 

Bv  Arthur  K.  Ohmes,  New  York 
Member 

PREFACE 

BY  far  the  greater  part  of  papers  presented  to  the  iSociety  treat 
the  design  of  any  particular  apparatus  which  aids  to  secure 
stipulated  results  at  a  minimum  cost  of  operation.  Compara- 
tively few  papers  treat  the  durability  of  the  apparatus  itself,  despite 
the  fact  that  the  durability  of  the  apparatus  (in  other  words,  the 
life  of  the  plant)  will  seriously  affect  the  amounts  making  up  the 
cost  of  operation,  such  as  the  cost  of  supplying  a  certain  building 
with  heat  and  ventilation. 

It  is  questionable  whether  the  importance  of  the  durability  of 
heating  and  ventilating  plants  is  sufficiently  appreciated  by  the 
owners  themselves  or  by  the  chosen  advisers  of  the  owner,  may 
they  be  architects,  builders  or  engineers.  We  seem  to  be  con- 
fronted, however,  with  a  condition  that  will  make  the  durability 
of  our  plants  a  more  important  matter  to  the  owner  than  hereto- 
fore, because  in  years  gone  by  we  were  building  mostly  "tem- 
porary" structures  in  our  fast  growing  cities  and  communities.  The 
temporary  nature  of  our  buildings  is  very  forcefully  illustrated  in 
Fig.  1  reproduced  from  the  letter  head  of  a  prominent  steam  heating 
concern  in  New  York  City.  Frequently  the  character  of  a  neigh- 
borhood would  change  so  rapidly,  that  permanent  buildings  (in  the 
sense  of  the  old  world)  were  seldom  a  good  investment  and  con- 
sequently scarcely  ever  built.  If  a  certain  district  of  a  city  was 
developed  for  homes,  there  would  soon  spring  up  business  and 
pleasure  buildings  and  then  factories,  always,  of  course  to  the 
detriment  of  the  better  classes  of  buildings. 
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There  is  scarcely  a  city  where  the  amalgamation  of  all  kinds  of 
buildings  into  one  district,  became  in  certain  localities  a  greater  nui- 
sance, if  not  a  greater  calamity,  than  in  New  York  City.  All  real 
estate  classes  generally  realized  this  condition  and  the  enactment  of 
building  zone  ordinances  resulted,  establishing  districts  for  homes, 
factories,  etc.  There  is  no  question  but  that  New  York  City  has 
taken  one  of  the  most  far  sighted  steps  in  enacting  these  new 
building  zone  ordinances.  A  number  of  reports  from  other  cities 
would  indicate  that  similar  ordinances  will  be  enacted  by  other  com- 
munities, giving  therefore  to  the  New  York  City  ordinances  the 
color  of  national  importance. 

Before  these  ordinances  were  enacted,  some  prospective  builder 
of  a  fine  house  (as  a  distinct  point  in  question,  we  might  quote 
Mr.  Andrew  Carnegie  when  building  his  New  York  City  home), 
would  buy  up  an  amount  of  property,  far  in  excess  of  his  own 
needs,  then  sell  his  surplus  property  to  desirable  neighbors  in 
order  to  protect  his  own  grounds  from  wdiat  he  considered  unde- 
sirable neighboring  buildings.  This  should  not  now  take  place  under 
our  new^  ordinances  and  the  supposition  is  in  order  that  w^e  may  have 
more  permanent  building  districts,  and  that  means  automatically 
more  permanent  buildings,  viz : — we  are  approaching  the  settled 
building  policies  of  the  old  countries. 

Architects  and  heating  engineers  should  realize  that  if  these  sur- 
mises become  facts,  greater  responsibilities  than  ever  for  the  instal- 
lation of  the  most  durable  apparatus  will  rest  upon  them  when  they 
design  apparatus.  While  it  is  needless  to  say  that  the  results  to 
be  secured  in  heating  effect  are  still  and  will  always  be  the  most 
important,  still  the  length  of  life,  and  repair  and  maintenance  costs 
must  not  be  forgotten,  because  they  enter  vitally  into  the  total  cost 
of  operating  any  heating  apparatus. 

We  are  in  the  habit  of  making  allowances  for  these  factors  in 
determining  the  cost  of  a  pound  of  steam,  of  pumping  a  gallon  of 
water,  or  of  generating  a  kilowatt  of  electricity !  Why  then  should 
these  items  not  appear  in  determining  the  cost  of  providing  our 
buildings  with  heat? 

Suppose  on  one  hand  we  had  an  ordinary  house  in  which  a 
durable  heating  apparatus  would  cost  $1,000  and  its  life  would  be 
•10  years,  and  on  the  other  hand  we  had  a  less  durable  apparatus 
costing  $840  and  its  life  would  be  only  20  years.  This  approximate 
increased  cost  of  20  per  cent,  would  be  a  considerable  amount  of 
money  in  case  of  a  large  installation.  Both  plants,  however,  would 
secure  the  same  excellent  results  ;  both  would  use  the  same  amount 
of  fuel  and  both  would  require  the  same  amount  of  labor  for  oper- 
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ating  the  plant.  We  will  assume  the  latter  to  be  $150  per  year. 
The  total  cost  of  providing  the  building  with  heat  after  a  period  of 
40  years  time,  if  we  make  allowances  for  a  charge  of  6  per  cent, 
interest  for  each  apparatus,  also  for  incidental  work  in  the  way  of 
decoration,  in  case  the  20  year  apparatus  is  overhauled  or  put  in 
new,  would  then  be  as  follows : — 


Manhattan       Gillender  Bankers 

Trust    Co.  RldR.  Trust    Co. 

1880.  1897.  1911. 

FIG.     I.      THKEE    DIFFERENT    BUILDINGS    ON    THE    SAME    SITE,    COR.    WALL 
AND  BROAD  STREETS.  NEW  YORK  CITY. 

Expensive  Inexpensive 

Apparatus  Apparatus 

Fuel,  Labor,  Ash  Removal,  etc.,  (40  x  $150)    $6,000  $6,000 

Installation  costs  of  plants  in  40  years  time 1,000  1,680 

Incidental  costs  of  new  apparatus  after  20  years  time  in 

the  way  of  repairs  to  Building 600 

Interest  at  6  per  cent,  per  annum  in  40  years 2,400  2,016 

Cost  of  apparatus  at  end  of  40  years $9,400  $10,296 

This  shows  the  more  expensive  apparatus,  if  durable,  would  still 
be  considerably  cheaper  after  a  period  of  40  years  than  the  less 
expensive  apparatus,  if  not  durable. 

It  is  true  that  many  owners  will  frequently  not  wish  to  look 
ahead  for  more  than  20  years  time  if  it  means  a  greater  initial 
cost  of  building,  but  it  should  be  pointed  out  to  them  that  the 
investment  value  of  any  building  is  certainly  greatly  enhanced  if  the 
mechanical  plant  may  be  considered  permanent  and  will  last  as  long 
as  a  cheap  wooden  clapboard  construction  would  last,  not  to  speak 
of  the  more  permanent  brick,  stone  or  concrete  construction.. 
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The  writer  hopes  that  the  members  will  freely  contribute  to  this 
paper  in  the  form  of  discussion,  because  only  time  can  teach  and 
prove  valuable  experience;  if  they  will  do  so  it  might  prove  a  boon 
to  our  younger  members,  inasmuch  as  they  will  be  enabled  to  avoid 
mistakes  made  bv  others. 


SCOPE   OF    PAPER 

It  is  not  the  intention  to  discuss  the  various  causes  of  corrosion  as 
encountered  in  chemical  factories,  in  which  we  may  include  dyeing 
establishments,  laboratories,  color  factories,  etc.,  but  to  confine  the 
discussion  to  conditions  met  with  in  our  houses,  office-  buildings, 
ordinary  factories,  churches,  schools,  theatres,  etc.  Nor  is  it  desired 
to  settle  or  discuss  the  question  of  whether  wrought  iron  or  steel 
is  most  durable,  or  also  the  question  of  the  supremacy  of  cast  iron 
over  both  of  these,  not  to  mention  lead,  brass  and  copper. 

OUTSIDE    CORROSION 

Within  the  iunits  of  the  paper,  outside  corrosion  is  seldom  encoun- 
tered for  the  reason  that  there  are  few  pipes  in  places  which  could 
be  subjected  to  outside  corrosion.  Generally  speaking,  it  is  also 
comparatively  simple  to  protect  pipes  from  outside  corrosion,  because 
protecting  coats  of  paint  are  easily  applied  in  most  cases.  Wheire 
piping  is  concealed  in  floors,  furring,  etc.,  no  trouble  need  ever  be 
feared  as  long  as  it  lays  in  a  dry  place.  On  the  other  hand,  I  have 
seen  pipes  completely  corroded  in  a  few  years  time  (in  supposedly 
absolutely  dr}^  places)   due  to  very  simple  causes. 

As  an  example,  I  might  mention  pipes  carrying  water  or  steam 
and  laying  in  concrete.  Due  to  improper  installation,  or  perhaps 
because  the  expansion  of  the  pipe  line  was  not  properly  taken 
care  of,  the  pipe  springs  a  leak;  not  enough  to  be  noticed  in  the 
heavy  floor  construction  but  still  enough  to  thoroughly  wet  cinder- 
concrete  around  it.  The  wet  cinder-concrete  forms  an  acid  which 
will  rapidly  destroy  the  pipe. 

Similarly,  covered  pipes  laying  in  poorly  waterproofed  trenches 
which  become  wet  several  times  a  summer,  will  be  destroyed  rap- 
idly. If  there  is  heat  on  the  pipe  and  the  covering  can  dry  out, 
nothing  serious  will  happen  for  a  long  time,  but,  if  the  pipes  do  not 
thoroughly  dry  out,  then  in  a  few  years  time  the  pipe  will  fail. 
In  w^ater-proofed  trenches,  all  piping  must  be  kept  away  so  far 
from  the  asphalt  that  it  will  not  melt  away  gradually,  because  this 
would  result  in  leakv  construction  and  corrosion. 
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Pipe  lying  in  trenches  or  in  conduits  underground  must  be  kept 
dry  by  proper  underdrains,  if  durability  is  desired.  The  drains  must 
be  ample,  particularly  in  swampy  low  ground,  to  take  off  spring 
floods,  etc. 

Finally,  no  covering  should  be  accepted  which  might  seriously 
aft'ect  iron,  when  becoming  moist,  as  it  will  more  or  less  in  any 
cellar  during  the  summer  months. 

INSIDE  CORROSION 

For  various  reasons,  the  causes  for  inside  corrosion  are  much 
more  comphcated.  The  causes  are  difficult  to  detect,  because  only 
complete  dismantling  of  pipe  system  allows  for  thorough  inspection. 
It  is  as  yet  not  possible  to  apply  positively  protecting  coats  on  the 
inside;  then  again  there  are  always  some  weak  spots  left,  due  to 
threading  of  pipes  and  fittings. 

Pipes  Conveying  Water:  A  pipe  may  carry  water  from  exactly 
the  same  sources,  but  it  may  be  hot  or  cold.  If  hot,  it  may  be 
always  fresh  water  (domestic  hot  water  supply)  or  it  may  be  the 
same  water  circulated  over  and  over  again  for  years  and  years,  as 
m  the  case  of  hot  water  heating.  Again  it  may  be  condensed  water, 
or  a  mixture  of  condensed  water,  vapor  and  air ;  both  of  these 
apply  to  steam  heating  systems.  It  is  surprising  to  find  the  number 
of  educated  people  who  still  consider  that  all  kinds  of  water  will 
have  substantially  the  same  corrosive  effect  on  pipe  and  other  mate- 
rial. To  illustrate  the  corrosive  effects  of  different  water,  I  will 
quote  a  personal  experience  I  have  had  within  the  last  year,  the 
absolute  accuracy  of  which  I  can  readily  prove. 

A  hot  water  heating  apparatus  was  changed  and  altered  after 
eight  years  of  service.  All  pipes  and  fittings  could  be  easily  taken 
apart :  they  were  not  rusted  in.  Where  the  threads  were  in  the  metal 
of  the  fittings,  they  were  in  almost  all  cases  as  bright  as  the  day 
they  were  cut.  Threads  outside  the  fitting,  but  protected  by  cov- 
ering, were  covered  with  the  finest  layer  of  rust.  All  material  was 
in  perfect  shape  and  could  be  used  again. 

A  radiator  with  the  so-called  "soft  steel"  push  nipples  was  taken 
apart.  The  push  ni])plcs  did  not  show  any  sign  of  corrosion  and 
their  contact  surfaces  were  still  bright.  The  large  threaded  bush- 
ings on  a  number  of  radiators  could  be  easily  removed.  All  brass 
valves  with  their  soft  scats  w-ere  in  perfect  shape. 

The  boiler  of  this  same  hot  water  heating  system  was  provided  in 
the  rear  with  a  so-called  hot  water  back  of  cast-iron,  connected  up 
as  shown  in  Fig.  2,   for  heating  a  small  quantity  of  domestic  hot 
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water.  The  water  back  was  first  connected  to  a  thin  old  steel  tank, 
which  tank  gave  out  after  being  connected  to  the  water  back  for 
five  years.  In  taking  apart  the  galvanized  iron  pipe  which  connected 
np  the  old  tank,  it  was  found  to  be  in  such  bad  shape  that  it  was 
considered  advisable  not  to  use  it  for  the  new  tank  which  replaced 
the  old  tank,  and  entirely  new  piping  was  required.  The  country 
plumber  did  not  have  enough  new  galvanized  iron  piping  for  the 
purpose  on  hand  and  used  ordinary  black  iron  pipe  for  short  pieces 
Nos.  1  and  2.  (See  Fig.  2.) 

After  the  water  back  had  been  used  for  an  additional  three  years 
with  the  new  tank  and  the  black  iron  pipe,  piece  No.  1  began  to 
leak  in  the  thread  on  the  water  back  inside  of  the  he'ating  boiler. 
When  taking  it  apart  it  was  found  that  piece  No.  1  (about  12  in. 
long)   was  in  good  shape.     Piece  No.  2    (about  12  in.  long)   was 
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FIG.  2.     CONNECTIONS  OF  PIPING  FROM  WATER  BACK  IN   BOILER  TO 
DOMESTIC  HOT  WATER  TANK. 


completely  gone,  as  shown  in  Fig.  3.  The  pieces  immediately  above 
piece  No.  2  were  still  good  enough  to  have  lasted  for  many  years 
more.  The  progressive  corrosion  of  these  pipes  from  the  water  back 
outlet  could  be  plainly  traced.  The  cast-iron  water  back  had  not 
corroded  to  any  extent.  Similarly  the  cast-iron  fittings  were  all  in 
good  shape. 

A  valuable  lesson  can  be  learned  from  these  few  simple  pieces  of 
ordinary  black  iron  pipe,  though  it  was  purely  by  accident,  viz : — 
all  air  expelled  in  heating  the  water  (naturally  from  a  very  small 
but  steady  stream  of  water)  was  evidently  used  up  in  corroding 
this  rapidly  deteriorating  material,  and  in  all  probability  avoiding 
corrosion  in  the  rest  of  the  pipe  system. 

Unquestionably  the  fact  of  always  using  fresh  water  from  which 
air  is  expelled  when  heating  is  responsible  for  the  difference  in  the 
amount  of  corrosion  in  hot  water  heating  plants  and  domestic  hot 
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water  supply  plants.  Only  recently  a  hot  water  heating  apparatus 
of  GO  years  age  was  taken  down  in  a  school  in  Berlin  and  all  piping 
was  found  to  be  in  excellent  condition.  Mr.  Baldwin's  apparatus 
in  his  house,  of  which  he  speaks  in  a  discussion  in  the  Transactions 
for  1916,  Vol.  XXI,  page  406,  would  seem  to  have  lasted  almost  40 
years  without  repairs ;  even  the  old  rubber  gaskets  used  on  the 
radiators  are  still  good. 

As  a  matter  of  fact,  the  only  corrosion  taking  place  in  a  hot 
water  heating  system  is  in  the  vapor  pipe  from  the  expansion  tank 
and  in  the  expansion  tank  itself.  The  hot  vapor  meeting  the  cold 
outside  air  means  condensation  and  with  it  corrosion.  When  prac- 
tically unlimited  durability  of  this  vapor  pipe  is  required,  it  should 
be  of  brass.  Similarly  the  expansion  tank  should  be  of  cast-iron  or 
s^alvanized  wrought  iron   for  durability's  sake. 

On  the  other  hand,  I  could  quote  a  hotel  in  New  York  City 
where  a  certain  kind  of  pipe  has  given  out  in  two  years  time  on 


FIG.    3.     LONGITUDINAL   SECTION   OF   PIECE   NO.   2    SHOWING   EFFECT 
OF   CORROSION. 


the  domestic  hot  water  supply,  which  seems  to  be  due  only  to  an 
uiiproper  aeration  of  the  pipe  system. 

As  to  any  hot  water  heating  system,  the  water  should  remain  in 
the  system  as  long  as  the  pipe  system  will  hold  it.  It  will  remain 
in  the  system  as  clear  as  the  clearest  spring  water,  though  of 
course,  there  is  some  sediment  in  the  pipe  system  and  radiators, 
which  would  be  stirred  up  by  disconnecting.  The  water  has  a 
slight  odor  of  oil.  Many  old  and  so-called  "experienced"  heating 
men  yet  advise  their  customers  to  drain  the  system  every  year  'or 
two.  When  I  asked  one  of  these  "experienced"  boss  fitters  (who 
advised  his  cHents  to  drain  the  system  every  year,  with  none  too 
good  results)  why  he  so  advised  his  customers,  he  stated  naively 
that  "he  felt  sure  that  the  water  after  a  year  or  two  would  lose 
its  heating  power  and  then  the  owner  would  complain  to  him  about 
non-heating  of  his  building." 

P\pcs  Convcy'mg  Steam  :  If  wc  now  consider  steam  heating  sys- 
tems we  find  the  conditions  much  more  complicated.  There  are 
manv  different  kinds  and  new  steam  heating  systems,  nil  of  which 
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will  in  the  future,  show  different  durabilities.  The  steam  may  be 
exhaust  steam  or  live  steam.  If  a  system  uses  exhaust  steam,  the 
steam  will  always  carry  with  it,  despite  the  best  oil  extractors,  a 
certain  amount  of  oil.  Oil  in  a  system  is  sometimes  a  nuisance 
but  according  to  the  statements  of  Mr.  Speller,  as  published  in  the 
Transactions,  Vol.  XXII.  1916,  pages  311-325,  this  oil  would  be 
partly  deposited  in  the  pipe  and  form  a  thin  film  on  the  pipe  surface, 
thus  protecting  the  pipe  itself.  It  has  been  predicted  that  steam 
heating  systems  using  live  steam  either  from  a  boiler  plant  or  central 
station  and  where  the  steam  pumps  (given  an  oil  injection)  are 
replaced  by  electric  pumps,  that  the  length  of  life  of  the  steam  pipes 
woulci  be  considerably  decreased.  Reliable  data  of  whether  or  not 
such  will  take  place  is  not  known  to  me,  though  it  may  exist. 

Ordinarily  it  is  assumed  and  pretty,  well  established  that  steam 
does  not  corrode  the  piping,  which  is  mainly  due  to  the  entire 
absence  of  free  air  in  the  steam. 

Pipes  Carrying  Mixtures  of  Water,  Air  and  Vapor:  Such  con- 
ditions as  these  exist  in  the  return  pipes  of  a  steam  heating  system. 
These  pipes  are  subjected  to  considerable  corrosion  and  the  causes 
will  vary  with  the  kind  of  system  selected.  Furthermore  so-called 
dry  return  pipes  would  seem  to  corrode  more  than  a  wet  return 
pipe  because  in  the  latter  case  there  is  again  an  absence  of  free  air. 
On  the  other  hand,  the  point  of  the  water  line  in  any  wet  return 
line  system  is  subjected,  as  experience  has  proven,  to  considerable 
corrosion,  simply  because  air  seems  to  be  released  from  the  water 
at  this  point.  Again  the  return  lines  in  a  vacuum  system  of  heating 
should  be  subjected  to  less  corrosion  than  the  return  lines  open  to 
the  atmosphere,  merely  because  there  is  less  of  an  interchange  of  air. 

Many  schemes  have  been  invented  to  prolong  the  life  of  return 
pipes  of  an  open  return  line  steam  heating  system.  Thus  for  in- 
stance, years  ago  a  steam  heating  system  was  patented  in  Ger- 
many which  would  allow  the  air  to  be  expelled  from  the  system 
into  a  suitable  tank  when  the  steam  was  turned  into  the  system  and 
draw  this  air  from  the  same  tank  back  into  the  system  when  the 
steam  condensed.  It  was  considered  that  the  oxygen  of  the  air 
reouired  to  fill  the  system  would  soon  be  absorbed  by  a  slight  rusting 
of  the  plant  itself  and  then  corrosion  would  stop.  While  corrosion 
was  minimized,  it  was  by  no  means  obviated  all  together.  In  this 
connection  reference  might  also  be  made  to  the  scheme  that  is  now 
practically  30  or  perhaps  even  40  years  old,  to  terminate  the  air 
line  from  the  heating  system  in  a  smoke  flue.  The  idea  was  instead 
of  taking  air  back  into  the  system,  to  take  only  gases  of  combustion 
(viz.: — oxygen  poor  gas")  and  thus  avoid  corrosion. 
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While  these  and  other  similar  means  have  no  doubt  contributed 
to  lengthen  the  life  of  the  return  pipes  of  a  steam  heating  system, 
still  corrosion  of  return  lines  has  been  by  no  means  obviated. 

Various  tests  have  been  made  which  show  that  even  the  inter- 
changing of  the  air  in  the  summer  months  within  the  system  has 
frequently  been  the  cause  of  corrosion  and  it  has  at  the  present  time 
been  pretty  well  established  that  if  we  want  to  be  entirely  safe  from 
corrosion,  we  must  either  use  brass  or  copper  lines. 

The  writer  a  few  years  ago,  was  responsible  in  two  buildings  in 
New  York  City  for  the  installation  of  brass  return  lines  with  ordi- 
nary cast-iron  elbows  and  tees.  Not  only  is  it  easy  to  secure  a  tight 
piece  of  work,  but  its  lasting  qualities  should   also  be  practicallv 
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FIG.    4. 
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CAST   IKON    PIPING   CONNECTIONS    FOR    HOT   WATER    HEATING 
SYSTEM,   USED  IN  RUSSIA. 


indefinite.  But  this  is  expensive  and  in  only  exceptional  cases  will 
an  owner  wish  to  entail  this  expense,  more  particularly  in  view  of 
the  present  high  prices  of  brass  and  copper. 

Perhaps  the  ultimate  solution  in  securing  durable  return  pipes- in 
a  steam  heating  system  will  be  to  use  ordinary  steel  or  wrought- 
iron  pipe  for  the  steam  lines,  with  a  possibility  of  steam  driven 
pumps  or  even  use  an  occasional  oil  injection  for  securing  the  pro- 
tecting oil  coated  surfaces,  and  then  reduce  the  return  pipes  to  the 
very  minimum,  but  make  them  of  brass  or  copper  with  cast-iron 
fittings. 

Under  this  heading  we  may  also  include  the  so-called  low  pres- 
>ure  drip  pijjcs  from  engine  pump  cylinders  and  the  high  pressure 
drip  and  discharge  pipes  from  high  pressure  steam  piping  and  the 
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return  pipes  from  high  pressure  steam  cooking  and  steriHzing  fix- 
tures. An  investigation  of  a  number  of  plants  shows  that  the  low 
pressure  return  pipes  last  considerably  longer  than,  for  instance,  the 
so-called  high  pressure  drip  pipes,  due  no  doubt  to  the  presence  of 
oil.  In  any  high  pressure  return  and  drip  piping  there  is,  however, 
little  if  any  air,  due  to  the  re-evaporation  of  the  water  when  its 
pressure  is  released  from,  say,  40  lb.  to  the  atmosphere.  In  all  good 
Dractice,  these  pipes  are  made  of  extra  heavy  material,  but  when 
an  exceptionally  great  length  of  life  is  desired,  again  we  must  resort 
to  brass  or  copper  piping  with  cast-iron  fittings  or  preferably  brass- 
fittines. 


FK;.   5.     .\   CAST  IRON    BKliJi.L   BL'iLT   IN    179o    (115    YEARS'   USE). 

Pipes  Carrying  Air:  It  is  needless  to  state  that  the  heating  engi- 
neer -s  not  so  much  interested  in  the  carrying  of  compressed  air  as 
required  in  the  ordinary  automatic  heat  regulating  system,  but 
rather  in  the  pipes,  ducts  and  flues  carrying  air  for  ventilating 
apparatus. 

Most  engineers  will  at  once  ask  the  question  of  how  is  the  gal- 
vanized iron  work  affected  by  air  washers,  due  to  carrying  air 
containing  a  high  amount  of  moisture.  At  the  present  time,  we 
can  look  back  upon  ordinary  indirect  steam  or  hot  water  heating 
systems  or  furnace  systems  in  which  for  the  duct  systems,  galvan- 
ized iron  and  tin-plate  has  been  used  for  30  to  40  years,  and  is 
still  in  good  condition.  Similarly  ordinary  ventilating  plants  sup- 
plied with  dry  air  filters  instead  of  air  washers,  have  been  in  use 
for  80  to  40  years  without  showing  any  particularly  bad  corrosive 
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effect.  This  condition, '  however,  exists  only  in  buildings  where 
duct  work  has  been  properly  protected  against  condensation  on  the 
inside  as  well  as  on  the  outside.  Under  any  condition,  good  cover- 
ing on  duct  work  of  ventilating  systems,  provided  with  air  washers, 
is  important  if  these  ducts  run  through  cold  places  so  as  to  avoid 
cooling  the  air  below  its  dew  point  and  forming  condensation  on 
the  inside. 

The  writer  knows  of  one  case  where  an  uncovered  galvanized 
iron  exhaust  duct  conveying  air  from  hospital  w^ards,  toilets,  oper- 
ating rooms,  etc.,  was  located  in  an  unheated  attic.  The  cold  air 
in  the  attic  chilled  the  air  to  such  an  extent  that  condensation 
occurred  on  the  inside  and  after  10  years  time  the  duct  was  com- 
pletely corroded  and  practically  unfit  for  further  use. 

Frequently  the  heating  engineer  is  severely  criticized  for  cov- 
ering a  duct  with  a  view  to  preventing  condensation,  but  each  case 


FIG.    6.      A    LENGTH    OF   CAST   IRON    SOIL   PIPE    REMOVED    FROM    THE   OLD 
ASTOR  HOUSE  IN  NEW  YORK    (80  YEARS'  USE). 

requires  careful  consideration  if  the  durability  of  the  apparatus  is 
considered  of  importance. 

A  peculiar  condition  exists  in  the  ventilation  of  large  kitchens. 
Thus  for  instance,  the  ordinary  heavy  black  iron  duct  work  seems 
to  last  an  average  of  20  years  when  it  is  used  for  exhausting  the 
air  over  ranges.  A  thick  coating  of  grease  will  form  on  the  inside 
surfaces  protecting  the  duct  work  against  corrosion,  but  this  coat- 
ing of  grease  must  be  burned  out  frequently  in  order  to  prevent 
disastrous  fires.  Despite  the  occasional  fires  in  these  ducts,  they 
seem  to  last  a  considerable  time.  On  the  other  hand,  the  ducts  ex- 
hausting vapors  from  the  stock  boilers  and  kettles,  are  subject  to 
rapid  corrosion  and  if  durability  is  desired,  they  should  be  made  of 
copper.  The  air  exhaust  from  over  these  boilers  appears  fre- 
quently to  carry  a  heavy  hot  vapor  which  condenses  on  the  cooler 
surfaces  of  the  ducts  and  corrodes  them  rapidly. 

That  the  question  of  more  durable  plate  is  receiving  the  well- 
deserved  attention  of  the  iron-]:)late  manufacturers,  is  quite  evident 
from   reading  through   the  trade  magazines  such  as   The  Heating 
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and  Ventilating  Magazine,  The  Metal  Worker,  etc.  It  seems  that 
these  plate  manufacturers  should  also  state  their  experiences  in  the 
advertising  columns  of  our  Journal  for  the  benefit  of  our  members, 
because  they  would  surely  be  interested  in  the  experiments  and  in 
the  research  work  going  on  in  this  important  tield. 

As  to  the  compressed  air  carried  in  small  pipes,  the  ordinary 
practice  of  cooling  this  air  for  moisture  extraction,  as  is  required 
for  a  good  thermostatic  working  job  itself,  is  partly  responsible  for 
a  fairlv  long  life  of  these  pipes.  These  pipes  are  usually  put  into 
concrete  before  construction  and  are  subject  to  rapid  corrosion  from 
the  outside  in  buildings  where  any  moisture  occurs. 

CONCLUSIONS 

It  will  be  noted  that  references  have  been  made  to  cast-iron  in 
this  paper,  showing  its  great  corrosion  resistance  qualities  over 
steel  or  wrought  iron.  Its  use  for  fittings,  radiators,  tempering 
coils  and  boilers  is  becoming  daily  of  greater  importance  to  the 
heating  engineer.  The  complicated  castings  required  in  some  of 
the  appurtenances  named  above  are  being  made  with  greater  pre- 
cision than  ever  before,  the  United  States  having  had  for  a  great 
many  years  the  leadership  of  the  world  in  this  respect  and  is  no 
doubt  maintaining  this  leadership.  We  think  nothing  of  putting  an 
ordinary  radiator  or  a  boiler  under  a  pressure  of  50  lb.  per  sq.  in., 
as  in  the  ordinary  domestic  hot  water  heating  system,  pressures  that 
are  considered  by  many  engineers  prohibitive  for  use  for  cast-iron. 

It  is  to  be  regretted  therefore  that  nothing  seems  to  be  done  to 
still  further  develop  the  use  of  cast-iron  in  our  heating,  particularly 
in  places  where  corrosion  is  mostly  to  be  feared.  Many  pipe  lines 
forming  part  of  a  heating  system  could  for  durability's  sake,  be 
made  of  cast  iron,  because  simple  flange  joints  could  be  used  and 
even  threaded  joints  might  be  developed.  Indeed,  entire  hot  water 
heating  systems  have  been  put  together  in  Russia,  of  cast  iron  pipes, 
as  shown  in  Fig.  4.  Consider  for  instance  the  universal  practice 
of  heating  greenhouses  in  England,  France  and  Germany,  of  some 
25  to  50  years  ago!  Ordinary  4  in.  diameter  cast  iron  pipes  put 
together  with  clamps  and  rubber  gaskets  were  used.  No  matter  how 
many  times  a  day  these  pipes  were  sprayed  with  water,  summer  and 
winter,  heat  or  no  heat,  the  pipes  would  last  for  tens  of  years.  As 
an  illustration  of  the  lasting  qualities  of  cast-iron,  I  add  the  views 
in  Figs.  5  and  6,  from  the  Ideal  Hcatinq  Journal  and  an  advertise- 
ment from  The  Metal  Worker,  which  require  no  explanation  on  my 
part. 
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DISCUSSION 

The  President  :  This  is  of  considerable  interest  to  me  because 
we  are  constantly  contending  with  this  problem  of  corrosion  in 
pipes  of  all  kinds,  and  the  only  facts  we  can  get  are  those  from  the 
manufacturers  of  the  pipe.  I  think  the  Society  should  take  this 
subject  up  and  get  authentic  information  which  we  all  need  to  get  rid 
of  this  corrosion.  It  is  especially  annoying  on  steam  heating  and 
vapor  systems. 

Frank  K.  Chew  :  About  twenty  years  ago,  in  Waterbury,  Conn., 
F.  C.  Booth  took  out  a  system  that  had  been  in  for  fifty  years. 
The  piping  was  cast  iron,  and  it  had  been  installed  by  a  greenhouse 
man.  I  think  it  was  steam,  but  at  its  bottom  the  pipe  was  worn 
away  as  shown  in  Fig.  7.  Mr.  Booth  had  sections  of  it  cut  and 
the  groove  could  be  seen  in  the  bottom  of  the  pipe. 


FIG.  7.     EXAMPLE  OF  GROOVING  IN  CAST-IRON   PIPE. 

F.  N.  Speller  :  In  looking  at  the  corrosion  of  pipe,  the  influence 
of  surrounding  conditions  which  are  usually  the  controlling  factors 
are  too  often  overlooked.  Experience  shows  that  the  pipe  materials 
have  not  the  influence  on  the  life  of  the  pipe  that  most  people 
imagine.  As  good  an  example  of  this  as  I  know  of  is  the  case  of  the 
Columbia  Bath  House  pipe  lines  at  Atlantic  City,  N.  J.,  which  has 
been  so  misused  in  advertising  literature  by  certain  manufacturers 
of  wrought  iron  pipe.  These  salt  water  lines  were  in  service  about 
thirteen  years,  for  about  four  months  of  each  year;  when  the  pipe 
was  taken  out  it  was  found  to  be  in  very  good  condition,  almost  as 
good  as  new.  At  first  it  was  thought  that  this  pipe  was  all  wrought 
iron,  and  the  proprietors  were  deluded  into  writing  very  forcible 
advertising  letters  which  have  since  been  freely  circulated,  claiming 
that  this  pipe  was  wrought  iron  and  that  this  was  the  explanation  of 
the  extraordinary  service.  A  later  investigation  proved  that  both 
wrought  iron  and  steel  were  present  and  both  were  in  the  same 
condition,  and  furthermore  that  the  true  cause  of  the  long  life  of  the 
system  was  that  the  water  had  been  heated  in  an  open  tank  at  180 
deg.  fahr.,  thus  freeing  the  water  from  oxygen  and  carbonic  acid 
before  being  drawn  into  the  piping  system.    No  better  example  could 
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be  found  than  this  one  as  illustrating  the  effect  of  a  comparatively 
slight  change  in  conditions  on  the  durability  of  the  pipe,  for  in  the 
neighboring  buildings  using  the  same  water  heated  in  closed  heaters 
under  pressure,  galvanized  iron  and  even  copper  pipe  had  corroded 
through  in  two  or  three  years  or  less. 

For  a  good  many  years  it  has  been  taken  for  granted  that  cast  iron 
can  be  depended  on  where  corrosive  conditions  exist,  but  it  would 
seem  that  some  have  gone  rather  too  far  in  their  conclusions  along 
this  line.  There  are  some  conspicuous  cases  of  the  durability  of  cast 
iron,  but  this  iron  was  made  a  great  many  years  ago  under  very  dif- 
ferent conditions  from  those  which  exist  in  the  iron  foundry  industry 
of  to-day.  Moreover  there  are  many  instances  of  the  mysterious  fail- 
ure of  cast  iron  due  to  rapid  disintegration  in  contact  with  water,  and 
many  other  cases  which  are  reported  in  the  daily  papers  somewhere 
or  other,  every  week  or  so,  of  failure  due  to  the  breaking  of  the  pipe 
under  low  pressures,  which  usually  puts  a  section  of  the  water 
system  entirely  out  of  commission. 

The  other  day  I  received  a  letter  from  the  engineer  of  one  of  the 
large  hotels  in  Atlantic  City,  describing  the  failure  of  their  cast  iron 
hot  water  tank  which  had  become  soft  like  cheese  under  the  influence 
of  hot  water,  after  four  or  five  years  service.  The  material  had 
deteriorated  so  that  it  could  readily  be  cut  with  a  knife  like  graphite. 
There  are  doubtless  many  instances  of  this  in  the  experiences  of  engi- 
neers who  have  had  much  to  do  w^ith  modern  cast  iron  pipe.  Such 
comparative  experiments  as  have  been  made  in  service  indicate  that 
cast  iron  corrodes  at  about  the  same  rate  as  steel  or  wrought  iron. 
Any  difference  in  the  life  of  cast  iron  and  wrought  iron  pipe  is 
probably  due  to  the  greater  thickness  of  the  cast  metal.  This  thick- 
ness is  often  cut  down  by  the  presence  of  internal  blow  holes,  which 
cannot  be  discovered  or  entirely  eliminated,  whereas  in  wrought 
steel  the  forging  operation  closes  up  these  holes  and  renders  the 
whole  thickness  of  the  metal  available. 

James  S.  Otis  :  Regarding  Mr.  Speller's  remarks, — it  would  be 
fallacious  to  present  an  argument  that  pipes  would  last  very  much 
longer,  for  in  my  judgment  steam  pipes  are  good  for  about  twenty 
years — that  is  about  the  period  of  service  they  are  likely  to  give  in 
this  city — and  to  try  and  sell  a  job  at  double  the  price  as  an  argument 
for  the  life  of  the  pipe  for  forty  years  instead  of  twenty  years,  I  do 
not  think  would  be  effective.  You  can  count  up  easily  the  number 
of  jobs  that  have  been  in  for  forty  years,  but  I  believe  the  life  of 
plants  in  the  progressive  city  does  not  run  much  over  twenty  years. 
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At  the  first  of  the  year  I  was  called  to  a  company  in  Ft.  Wayne 
(Strauss  Bros.)  that  had  plants  in  two  buildings,  with  an  alley 
between ;  one  of  the  plants  has  been  running  for  six  years,  and  it  is 
still  in  perfect  condition,  but  in  the  other  they  have  had  to  take  out 
more  than  forty  boiler  tubes,  and  have  had  to  take  down  their  return 
pipes  and  part  of  the  steam  pipes,  because  of  the  effects  of  corrosion 
and  the  fact  that  they  were  pitting  continually.  I  saw  one  tube  give 
way  while  I  was  looking  at  the  boiler.  What  would  you  say  the 
solution  would  be? 

J.  J.  Blackmore  :  I  want  to  say  a  word  in  reference  to  the  illus- 
tration in  Fig.  2,  showing  the  water  back  and  connections  to  the  tank. 
Pipe  No.  1  was  scarcely  corroded,  but  it  leaked  at  the  thread ;  No.  2 
which  had  good  threads,  was  almost  completely  destroyed.  The 
inference  is  plain — the  high  temperature  in  the  flow  pipe  caused  the 
corrosion.  High  temperatures  in  water  supply  deteriorate  pipe  prob- 
ably more  than  all  other  causes.  Air  is  an  agent  it  is  true,  but  high 
temperature  acting  on  the  air  and  other  soluble  matter  in  the  water, 
was  the  real  cause  of  the  destruction  of  the  pipe.  Hot  water  at  a 
temperature  over  160  deg.  is  not  really  necessary,  but  a  good  many 
hot  v;ater  plants  are  run  up  to  the  boiling  point  and  such  high  tem- 
peratures are  destructive  to  steel  or  iron. 

The  trouble  experienced  in  the  hotel  in  Atlantic  City  was  no  doubt 
due  to  the  excessive  temperature  at  which  they  carry  the  water  in  the 
tank.    Good  results  can  be  obtained  with  water  at  or  below  IGO  deg. 

James  H.  Davis  :  I  know  of  a  large  manufacturing  concern  in 
Indiana  that  had  considerable  trouble  with  corrosion.  The  heating 
coils  were  in  use  for  about  thirteen  years,  when  it  was  found  they 
were  pitting,  and  men  are  constantly  at  work  on  them.  They  have 
been  considering  a  proposition  of  replacing  them  with  cast  iron  wall 
radiators  laid  flat.  In  this  instance  reduced  pressure  is  used ;  the 
boiler  pressure  is  brought  to  each  series  of  coils  and  reduced  there. 
They  have  a  24  hour  drying  proposition  and  to  escape  any  trouble, 
they  took  particular  pains  to  put  in  wrought  iron  pipe,  but  it  is 
going  very  fast. 

Theo.  Weinshank  :  It  is  my  opinion  that  the  quality  of  the  water 
itself  has  more  to  do  with  the  material  used  than  the  conditions 
under  which  the  plant  is  operated.  To  cite  a  case  that  came  under 
my  observation,  namely  that  of  a  hospital  at  Fort  Wayne,  Ind.,  the 
pumping  station  is  near  a  river  and  at  a  low  point.  The  water  is 
pumped  to  a  reservoir  which  is  placed  at  the  highest  point  of  the 
city.  From  this  reservoir  the  water  is  distributed  to  the  mains 
throughout  the  city.     The  plant  under  consideration  took  its  main, 
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not  from  the  reservoir,  but  from  the  main  hne  from  the  pumping 
station  to  that  of  the  reservoir. 

Considerable  trouble  was  experienced  in  this  plant  with  all  the 
brass  valves  and  piping,  some  being  pitted  and  in  some  cases 
destroyed.  On  testing  the  water  it  was  found  to  contain  a  large 
amount  of  free  sulphuric  acid  gas.  This  gas  in  the  water  attacked 
all  the  brass  and  copper  but  did  not  affect  the  iron  or  steel  pipe. 

By  removing  the  gases  from  the  water  before  same  was  used,  there 
was  no  more  trouble  experienced  at  the  plant.  This  is  a  case  where 
brass  pipe  failed  and  iron  and  steel  pipes  were  not  touched. 

Geo.  B.  Nichols  :  We  are  dealing  with  a  question  that  will  be- 
come more  vital  as  time  goes  on.  Perhaps  some  of  you  are  following 
the  proceedings  of  the  civil  engineers  and  know  what  is  liable  to 
happen,  now  that  the  new  water  supply  is  in  the  mains  of  New  York 
City,  and  with  the  methods  of  proposed  sterilizing  of  the  water, 
which  is  going  to  make  a  great  deal  of  difference  in  the  life  of  heat- 
ing systems. 

In  Albany,  where  the  Hudson  River  water  is  used  for  supply, 
the  water  passes  through  slow-sand  filters  and  there  is  continual 
complaint  about  the  eating  out  of  hot  water  systems.  The  Educa- 
tional Building  with  which  many  of  you  are  familiar,  has  only  been 
completed  for  four  years  and  almost  all  the  hot  water  piping  is  gone. 
It  is  due,  I  believe,  to  the  gases  that  are  taken  up  in  passing  through 
the  filters.     The  same  trouble  exists  in  Poughkeepsie. 

Only  recently  I  heard  of  a  case  where  brass  valves  went  to  pieces 
on  a  job  that  had  only  been  in  use  for  three  years.  A  year  ago 
I  was  called  on  to  investigate  the  subject  of  brass  pipe  for  hot  water 
systems  and  I  went  over  some  institutions  in  Massachusetts  where 
brass  pipe  has  been  used  to  a  great  extent;  in  one  of  these  institu- 
tions I  was  surprised  to  find  the  amount  that  had  been  taken  out. 
There  is  always  trouble  where  filtered  water  is  used,  and  appar- 
ently there  is  very  little  remedy. 

Hard  water  also  gives  trouble.  We  find  it  in  New  York  State, 
and  especially  in  the  lake  region.  There,  pipes  in  only  a  few  years 
will  be  filled  with  a  hard  substance  that  is  almost  like  flint.  There 
should  be  some  method  of  treating  water  that  will  make  its  effect 
on  the  piping  reach  a  minimum.  We  are  dealing  with  a  subject  that 
needs  a  great  deal  of  investigation. 
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A  METHOD  FOR  PRACTICAL  ELIMINATION  OF 
CORROSION  IN  HOT  WATER  SUPPLY  PIPE 

By  F.  N.  Speller,  Pittsburgh,  Pa. 
Member 

IN  discussing  the  general  principles  of  the  mechanism  of 
corrosion  before  this  Society*  last  year,  the  writer  pointed  out 
the  wide  difference  in  durability  experienced  with  the  same 
kind  of  pipe  in  different  kinds  of  service,  and  how  this  difference 
had  been  found  in  the  same  service  by  simply  varying  the  type 
of  heater  so  as  to  remove  more  or  less  of  the  free  oxygen  from 
the  water.  Free  oxygen  and  carbonic  acid  in  water  have  been 
.  proved  to  be  the  cause  of  practically  all  the  trouble  with  hot 
water  supply  lines,  as  these  gases  are  retained  in  the  water  with 
the  closed  systems  of  heating  used  almost  universally  in  this 
country.  Two  methods  of  removing  these  gases  from  water 
were  described  with  diagrams  giving  the  percentage  removed 
under  various  conditions.  These  were:  (1)  by  reducing  the 
pressure  of  the  heated  water — for  example,  by  the  use  of  an 
efficient  "open"  type  heater  under  atmospheric  pressure,  or  par- 
tial vacuum ;  or  (2)  by  keeping  the  hot  water  in  contact  with  a 
large  surface  of  iron  under  pressure  for  a  sufficient  length  of  time 
to  remove  and  "fix"  the  oxygen  and  carbon  dioxide. 

The  latter  principle  has  been  in  use  at  two  plants  during  the 
past  year ;  at  the  Research  Laboratory  and  Hospital  Building, 
National  Tube  Company,  McKeesport,  Pa.,  and  at  the  Irene 
Kaufmann  Settlement,  Pittsburgh,  Pa.  Both  installations  have 
demonstrated  that  the  corrosion  of  iron  or  steel  pipe  can  be 
arrested  and  practically  eliminated  by  this  process.  It  is  the  pur- 
pose  of  this   pai)er   lo   dcscriljc  briefly   tlie   latter  system   of    water 

*  The    Prevention    of    Corrosion    in    Pipe — -Vol.    XXII,   Transactions    (1916),    page    311. 
Presented  at  the  Annual  Meeting  of  The  American   Societv  of   Heating  and  Venti- 
I.ATINO   Kngineers,   New    York,  January,    1917. 
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treatment   as   applied   to   closed   systems    for   heating  water   under 
pressure. 

The  Irene  Kaufmann  Settlement  was  built  in  1910,  using 
wrought  iron  and  steel  pipe  for  the  hot  and  cold  water  lines  with 
storage  tanks  and  gas  heaters ;  one  branch  of  the  system  supplied 
the  pool  and  showers  and  another  the  residence  and  laundry.  All 
the  hot  water  piping  was  showing  signs  of  serious  corrosion  by 
1915,  a  number  of  pieces  having  already  been  replaced  with 
brass  pipe.  Every  week  or  two  replacements  and  repairs  had 
to  be  made. 
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FIG  1.     PLANT  FOR  DEOXIDIZATION  OF  HOT  WATER  AT  IRENE  KAUFMANN 
SETTLEMENT.    PITTSBURGH,    PA. 


With  the  approval  of  the  Directors,  we  installed  experimentally 
a  new  hot-water  heating  system,  to  supply  the  residence  and 
laundry  alone,  which  was  put  into  use,  December,  1915.  This 
consisted  of  a  storage  tank  filled  with  alternate  pieces  of  corru- 
gated and  plain  steel  sheets.  No.  26  gauge,  arranged  radially 
around  a  filter  as  shown  in  Fig.  1.  The  water  \yas  heated  by  a 
No.  2-D  Stewart  heater  (3  gal.  per  minute)  and  passed  down- 
ward between  these  plates,  being  thereby  deoxidized  to  a  large 
extent.  The  water  then  flowed  upwards  through  pipes  to  the  top 
of  the  filter  and  downwards  again  through  the  filter  and  finally 
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up  through  the  central  pipe  to  the  system.  The  return  with 
check  was  brought  into  the  bottom  of  the  chamber  underneath 
the  filter  bed. 

It  is,  of  course,  necessary  to  filter  the  fine  rust  out  of  water 
so  treated  before  use,  and  it  is  also  necessary  that  the  filter  be  so 
designed  in  connection  with  the  heater  as  to  be  kept  hot  when 
no  water  is  being  drawn.  Fig.  2  shows  these  three  elements 
separate  but  connected  together  so  as  to  perform  their  various 
functions  as  installed  at  our  plant  at  McKeesport,  Pa.  The 
latter  is  apparently  the  more  economical  and  practical  form  of 
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FIG.  2.     PLANT  FOR  DEOXIDIZATION  OF  HOT  WATER  AT  NATIONAL  WORKS, 

.McKEESPOKT.    PA. 

construction  although  one  plant  works  just  as  well  as  the  other, 
except  that  neither  one  was  provided  with  a  heater  of  sufficient 
size  to  maintain  the  temperature  of  the  water  up  to  maximum  at 
all  times.  This  is  important  inasmuch  as  the  speed  of  deoxidiza- 
tion  varies  with  the  temperature.* 

The  course  of  the  water  circulating  between  the  heater  and 
storage  tank  is  shown  in  Fig.  2.  By  this  arrangement  the  tem- 
perature of  the  filter  is  maintained  the  samic  as  the  water  in 
storage.  Where  circulation  of  hot  water  has  to  be  maintained 
in  the  buildings,  the  outlet  line  can  be  taken  up  through  the 
filter  l)ed  and  the  return  connected  in  at  the  bottom  of  the  filter, 
if  required,  a  small  auxiliary  heater  can  be  placed  under  the  filter, 
with  the  inlet  connected  to  the  return. 


'  See  Fig.  3,  The  Prevention  of  Corrosion  in  Pipe,  page  320,  Transaction.s,  Vol.  XXII. 
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In  this  plant  .discs  of  "Cambridge"  metal  lath  were  used. 
Strips  of  this  or  other  suitable  form  of  sheet  iron  may  be  used 
provided  it  is  spaced  so  as  to  fill  the  chamber  and  yet  leave 
a  cellular  structure  with  openings  not  over  ^4  or  ^  in.  through 
which  the  water  can  freely  circulate.  Attempts  made  by  the 
writer  to  apply  this  principle  several  years  ago  failed  on 
account  of  the  use  of  steel  turnings  which  packed  tight  after  a 
while  Rust  occupies  a  space  several  times  that  of  metallic  iron 
and  this  must  be  provided  for. 

TABLE  1.    ANALYSES  OF  WATER  TAKEN  AT  IRENE  KAUFMAXN 
SETTLEMENT  PLANT 


day 

AVERAGE 

33 

RATE 
gal.  pei 

Oi 

li 

"  FLOW— 

r. 

AVERAGE  RATE  OF 
150  gal.   per  h 

FLOW- 

r. 

Time  of 
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f 

r. 

Oxygen   in   water 

alter    treatment. 

c.c.   uer  liter. 

Temperature  o 
water,  deg.  fah 

O.xygen   in   water 
f       after  treatment, 
r.        c.c.  per  liter. 

9:30 

A  M. 

153 

0.11 

— 

0.0 

10:00 

160 

0.05 

161 

0.0 

10:30 

162 

0.05 

167 

0.0 

11:00 

162 

0.05 

174 

.02 

11:30 

164 

0.05 
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.02 
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M. 
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0.05 
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.19 

12  -30 

P.  M 
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0.05 

ISO 

.42 

1:00 

165 

0.05 

140 

66. 

1:30 

170 

0.05 

140 

.61 

2:00 

170 

Trace 

142 

.46 

2:30 

170 

Trace 

140 

.47 

3:00 

170 

Trace 

138 

1.13 

3:30 

170 

Trace 

138 

.52 

4:00 

166 

Trace 

140 

.71 

4:30 

164 

Trace 

138 

.56 

5:00 

170 

Trace 

140 

66 

Avg 

.  Temp 

165 

150 

The  average  daily  consumption  of  treated  hot  water  in  the 
system  at  Irene  Kaufmann  Settlement  varies  from  600  to  1,200 
gal.  In  the  other  system  in  this  institution  using  untreated  water 
somewhat  less  is  used.  The  normal  temperature  of  the  hot  water 
is  ITO  deg.  fahr.  The  series  of  analyses  of  the  water,  shown  in 
Tables  1  and  2.  taken  throughout  the  day,  indicate  the  variation  in 
oxygen  content. 

The  average  oxygen  contents  of  the  water  before  treatment  at 
the  Irene  Kaufmann  Settlement  was  about  8  c.c.  per  liter  and 
after  treatment  O.,')  c.c.  per  liter. 
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FIG.   3.     CORROSION    TESTS    AT    THE    IRENE    KAUFMANN    SETTLEMENT 
BUILDING    (SEE  TABLE   3,   PAGE    135) 

The  original  piping  in  this  building  was  about  worn  out  at 
the  time  the  present  system  was  installed;  in  fact  this  was  the 
main  reason  for  selecting  this  location  for  these  experiments. 
Since  that  time  (for  nearly  a  year)  they  have  had  no  trouble  with 
the  old  piping.  Once  rust  starts  the  action  is  usually  accelerated, 
so  that  the  arresting  of  corrosion  in  these  old  pipes  is  of  great 
significance  and  promise. 


TABLE  2.    ANALYSES  OF  WATER  TAKEN  AT  THE  McKEESPORT 

PLANT 


AVERAGE  RATE 

OF  FLOW— 42  gal.   per  hr. 

Time  of  dav 

Temperature    of 
water,  deg.  fahr. 

Oxygen  in  water  after 
treatmentj,  c.c.  per  Irite»r 

S  :30  A.  M. 

203 

0.0 

7:30 

198 

0.0 

9:30 

176 

0.0 

11:30 

160 

0.186 

1 :30  P.  M. 

158 

0.279 

3:30 

158 

0.232 

5:30 

163 

0.232 

Avg.  Temperature 

174 
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At  the  time  these  changes  were  made  in  December,  1915,  the 
Pittsburgh  Testing  Laboratory  was  asked  to  obtain  and  install 
material  for  a  corrosion  test  in  these  lines  to  be  run  simultaneously 
with  the  water  treating  test  and  to  observe  the  results  of  this 
system  of  water  treatment  on  the  piping.  This  was  carried  out 
under  the  supervision  of  Jas.  O.  Handy,  Director  of  Labora- 
tories, and  copies  of  his  reports  are  appended.  The  relative 
corrosion  of  pieces  taken  from  the  same  length  of  pipe,  with  and 
without  treatment,  as  shown  in  this  report  (Fig.  6)  indicates 
the  results  obtained  by   eliminating  this  amount   of   oxygen    from 


FIG.   4. 


COKKUSIU.X     TKSTS    AT    THE    IRENE    KAUFMANN     SETTLEMENT 
BUILDING  (SEE  TABLE  3,  PAGE  136) 


the  v/ater.  The  pipes  carrying  deoxidized  water  were  in  use  a 
month  longer  and  carried  50  per  cent,  more  water  but  show  frorp 
62  to  85  per  cent,  less  corrosion,  based  on  the  deepest  pitting  in 
the  pipe  carrying  untreated  water.  The  best  results  were  found 
with  the  steel  pipe  marked  "N.  C",  which  had  the  least  amount 
of  mill  scale  on  the  inside  surface.  Incidentally  the  material 
selected  by  the  Pittsburgh  Testing  Laboratory  for  test  with 
water  heated  in  the  regular  way  affords  another  comparative 
service  test  bearing  out  the  conclusions  based  on  previous  tests 
of  this  kind ;  viz.,  that  there  is  no  practical  difference  between  the 
best  grades  of  so  called  "genuine"  wrought  iron  and  steel  pipe 
under  these  conditions.  The  measurement  of  pitting  in  all  the 
test  pipe  installed  in  the  old  heating  system  is  given  in  Table  3, 
page  136. 
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These  experiments  also  indicated  that  water,  which  has  been 
in  contact  with  the  plates  in  the  deoxidizer,  still  carried  consid- 
erable gas  in  solution,  but  that  this  gas  consisted  mainly  of 
hydrogen  and  nitrogen.  The  hydrogen  frequently  ran  as  high 
as  20  per  cent.  Analyses  of  this  gas,  collected  from  the  treated 
water,  is  given  in  Mr.  Handy's  report,  page  136.  The  oxygen  in 
untreated  water  frequently  runs  as  high  as  26  to  30  per  cent,  of 
the  volume  of  dissolved  gases. 
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FIG.   .=;       COMPARISOX  OF  PIPES  OPERATING  WITH  DEOXIDIZED  WATER 


It  is  also  of  practical  interest  to  note  from  gas  analyses  and 
oxygen  determinations  made  from  time  to  time,  that  the  rate  of 
removal  of  oxygen  has  not  diminished  with  length  of  service.  Plates 
which  were  removed  from  the  McKees]:)ort  plant  after  eight  months' 
service  had  a  thick  layer  of  rust  over  the  surface,  but  the 
efficiency  of  the  tank  was  even  greater  after  use.  Except  with  water 
carrymg  organic  matter  and  clay  in  suspension  we  would  expect 
this  to  be  the  case. 

We  are  frequently  asked  as  to  how  long  these  plates  will  last. 
That  depends  on  the  quantity  of  water  treated.  Assuming  the 
raw  v/ater  contains  9  c.c.  of  free  oxygen  per  liter  and  is  completely 
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deoxidized,  from  the  analysis  of  the  rust  formed,  about  220  lb.  of 
iron  will  be  used  up  in  treating  l,00n.()0()  gal.  of.  water.  At  this 
rate  and  figuring  (he  cost  of  sheet  iron  scrap  at  2c  per  lb.,  the  cost 
of  material  for  deoxidization  of  water  is  well  within  the  usual 
cost  of  chemicals  for  the  treatment  of  boiler  water. 


one  INCHES 
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FIG.  6.     COMPARISON    OF    PIPES     OPERATING    WITHOUT    AND    WITH    THE 
USE   OF   THE    DEOXIDIZER 
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Wrought  Iron  .\nd  Steel  Pipe 

A  Test  of   Comparative  Resistance  to   Corrosion   When   Used  in   a 
Hot  Water  System  with  Untreated  Water 

The  test  was  conducted  at  the  Irene  Kaufmann  Settlement  Building, 
Center  Ave.,  Pittsburgh,  from  November  16,  1915,  to  September  20,  1916,  and 
was  supervised  by  F.  N.  Speller,  metallurgical  engineer.  National  Tube 
Company,  and  Jas.  O.  Handy,  director  of  laboratories,  Pittsburgh  Testing 
Laboratory. 
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Brands  of  Pipe  Used 

1.  Full  weight  2  in.  butt-weld  genuine  wrought  iron  pipe,*  purchased 
from  stock  in  warehouse  of  Somers,  Fitler  &  Todd  Co.,  by  J.  O.  Handy, 
Xov.  4,   1915;   identification  marks   B1-B4. 

2.  National  full  weight  2  in.  steel  pipe,  selected  by  J.  O.  Handy  from 
stock  at  the  Versailles  Plant,  National  Tube  Co.,  November  4,  1915;  identifi- 
cation marks,  C1-C4. 

3.  National  full  weight  2  in.  steel  pipe,  selected  by  J.  O.  Handy  at  Na- 
tional Works,  National  Tube  Co.,  November  4,  1915;  identification  marks, 
R1-R4. 

None  of  these  pipes  were  galvanized. 

Arrangement  of  Tests 

Pieces  29  in.  long  were  cut  from  four  separate  lengths  of  each  of  the 
above  brands  of  pipe.  They  were  threaded  and  connected  by  couplings  in  the 
line  between  the  hot  water  tank  and  the  shower  baths  at  the  Irene  Kaufmann 
Settlement,  in  the  order  2,  1,  3 — 2,  1,  3 — 2,  1,  3 — 2,  1,  3,  the  numbers  referring, 
to  the  brands  mentioned  above. 

Volume  of  Water  Used 

Between  November  16,  1915,  when  the  test  was  started,  and  August  9, 
1916,  when  a  nipple  in  the  test  line  failed  by  pitting  through  at  the  thread,  at 
least  142,000  gal.  of  water  had  passed.  The  hot  water  meter  gave  low  readings 
after  a  short  period  of  use.  The  quantity  of  water  used  after  August  9,  1916, 
and  up  to  September  20,  1916,  when  the  test  was  discontinued,  was  not 
recorded,  but  the  use  of  water  was  at  the  same  rate  as  before.  Based  on 
daily  averages,  the  total  amount  of  hot  water  which  passed  through  the  test 
line  was  170.000  gal. 

Relative  Corrosion 

On  September  16,  1916,  one  of  the  series  3  pipes  failed  by  pitting  through 
at  the  thread,  where  it  was  exposed  to  an  unusual  degree  by  a  coupling  being 
only  partly  screwed  up.  None  of  the  pipes  failed  by  pitting  through  the  body 
of  the  pipe  before  the  test  was  discontinued. 

The  total  duration  of  the  test  was  approximately  ten  months.  All  of 
the  pipes  were  badly  pitted,  the  wrought  iron  pipes  having  as  many  and  as 
deep  pits  as  the  steel  pipes.  The  results  of  measurements  of  the  deeper  pits 
in  the  test  pipes  are  given  in  Table  3. 

The  average  thickness  of  wall  of  2  in.  standard  pipe  is  0.155  in.  The 
average  depth  of  thread  is  0.07  in.  Pipes  which  pit  through  at  the  thread 
have  an  average  pit  depth  of  0.085  in. 

The  grand  averages  of  the  above  figures  show  that  the  pits  in  the 
wrought  iron  pipe  have  a  mean  depth  of  0.116  in.,  as  compared  with  0.110  in. 
for  the  steel  pipe. 

While  these  figures  show  that  all  the  pipes  were  deeply  pitted,  so  that 
in  a  few  weeks  they  would  have  been  unserviceable,  it  requires  a  study  of 
the  photographs  (Figs.  3  and  4)  which  were  made  after  the  test  specimens 
had  been  cleaned  and  sawed  in  half  lengthwise,  to  appreciate  what  a  remark- 
ably active  corroding  agent  hot  water  is.    These  photographs  also  show  that 

*  Name   of   manufacturer   purposely   omitted. 
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the  corrosion  of  the  wrought  iron  pipe  was  not  less  than  that  of  the  steel  pipe. 

Photomicrographs  of  longitudinal  and  transverse  sections  of  one  of  the 
wrought  iron  pipes  show  a  considerable  quantity  of  included  slag,  but  no 
arrangement  of  slag  which  indicates  any  relation  between  pitting  and  slag 
content.  The  photomicrographs  were  taken  of  the  metal  at  the  bottom  of  a 
pit,  and  also  at  its  side  and  end   (longitudinally). 

Analyses,  which  were  made,  show  that  the  pipes,  which  were  tested,  were 
wrought  iron  and  steel,  as  they  were  supposed  to  be. 

The  pipes  were  all  weighed  before  and  after  the  test.  In  the  second 
case,  the  loose  rust  was  first  entirely  removed.  The  losses  of  weight  are  interest- 
ing, but  as  the  corrosion  was  not  even  in  any  of  the  pipes,  but  in  the  form  of 
pits  of  various  depths  and  extent,  the  losses  of  weight  give  only  a  genera! 
indication  of  the  effect  of  the  corrosion.     (See  Table  4,  page  136.) 

CONCLUSION  , 

A  study  of  the  appearance  of  the  corroded  pipes  shows  the  following 
facts : 

a.  The  roll  scale  still  adheres  to  more  than  50  per  cent,  of  the  inner 
surface  areas. 

b.  The  wrought  iron  pipe  Bl  shows  the  most  general  corrosion;  National 
pipe  CI  shows  the  greatest  number  of  separate  pits. 

c.  Wrought  iron  pipe  B3,  which  shows  by  analysis  the  great  quantity 
of  slag,  was  more  badly  corroded  than  wrought  iron  pipes  B2  and  BA: 
slag  is  supposed  to  hinder  corrosion. 

d.  Wrought  iron  pipes  B3  and  B4  showed  larger  internal  blisters  which 
reduced  their  effective  thickness  very  materially. 

Pittsburgh   Testing   Labor.\tory, 
(Signed)  James  O.  Handy,  Director  of  Laboratories. 


PITTSBURGH  TESTING  LABORATORY 

Engineers  and  Chemists 

Seventh  and  Bedford  Avenues,  Pittsburgh,  Pa. 

December  6,  1916. 

Wrought  Iron  and  Steel  Pipe 

A  Test  of  Comparative  Resistance  to  Corrosion  When  Used  in  a  Hot  Water 

System — The    Protecting    Influence    of    the    Speller    Deoxidizer    on 

Wrought    Iron    and    Steel    Pipe    Exposed    to    Corrosion    by 

the  Gases  contained  in  Hot  Water. 

The  test  was  conducted  in  the  laundry  room  of   the   Irene  Kaufmann 

Settlement   Building.     W^ater    from   the    deoxodizer   was   used   with   perfect 

satisfaction  for  laundry  purposes,  and  in  the  residence,  except  for  occasional 

very    brief    intervals    when    the    filter    connected    with    the    deoxidizer    was 

overloaded. 

Between     the    deoxidizer,     the     laundry     tubs     and     washing    machines, 
connections  of  the  same  types  of  2  in.  pipe  referred  to  in  our  report  of 
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October  31  were  installed.  From  December  23,  1915,  to  November  22,  1916, 
254,830  gal.  of  hot  water  passed  through  the  deoxidizer  and  test  line.  No 
leakage  occurred  because  of  pitting  through  of  the  pipe  at  the  threads  or 
elsewhere. 

When  the  line  was  taken  down  and  the  pipes  brushed  out  and  dried,  the 
corrosion  was  observed  to  be  strikingly  small  in  amount,  when  compared 
with  sections  of  the  same  pipes  which  had  been  exposed  to  the  same  hot 
water  supply,  but  without  the  use  of  the  deoxidizer. 

This  is  well  illustrated  by  the  photographs,  of  which  Fig.  5  shows  from 
left  to  right,  the  appearance  of  the  interior  of  a  galvanized  steel  pipe,  a 
piece  of  steel  pipe,  made  at  the  National  Works,  a  piece  of  genuine  wrought 
iron  pipe,  and  a  piece  of  National  steel  pipe  from  stock  at  Versailles  Plant. 
In  this  photograph  it  is  evident  that  the  wrought  iron  pipe  is  more  generally 
pitted,  and  the  pits  are  broader  and  deeper,  than  those  in  the  steel  pipe.  It 
is  also  plainly  shown  that  the  steel  pipe  on  the  right  of  the  photograph  is 
hardly  corroded  at  all.  The  roll  scale  which  it  carries  is  very  much  thinner 
and  more  evenly  distributed  than  the  scale  on  the  wrought  iron  pipe  or  on 
the  National  Works  steel  pipe.  The  galvanized  pipe  shows  a  few  pits  at 
points  where  the  zinc  coating  was  apparently  thin.  The  memoranda  on  the 
margin  of  the  photograph  show  in  each  case  the  depth  of  the  deepest  pit 
and  the  average  depth  of  the  five  deepest  pits. 

Fig.  6  shows  the  remarkable  difference  in  the  amount  of  corrosion  of 
sections  of  the  same  length  of  pipe,  when  exposed  to  the  action  of  hot  water, 
but  in  one  case  (the  samples  on  the  right)  protected  by  the  use  of  the  deoxi- 
dizer, and  in  the  other  (the  samples  on  the  left)  not  so  protected.  The  deepest 
pits  in  the  unprotected  samples  of  wrought  iron  and  steel  pipe  average  three 
times  the  depth  of  the  pits  in  the  wrought  iron  pipe  protected  by  the  deoxi- 
dizer, while  the  pits  in  the  best  grade  of  steel  pipe  are  only  one-eighth  the 
average  depth  of  the  pits  in  the  unprotected  steel  and  wrought  iron  pipes.  It 
would  appear  that  the  wrought  iron  pipe,  if  protected  by  the  deoxidizer,  would 
last  three  times  as  long,  and  the  steel  pipe  approximately  eight  times  as 
long,  as  if  unprotected.  This  is  still  further  assured  by  the  fact  that  the 
protected  pipes  were  exposed  to  the  action  of  about  50  per  cent,  more  hot 
water  than  the  unprotected  pipes. 

The  deoxidizer  was  not  of  sufficient  size  to  remove  all  of  the  oxygen  at 
times  of  largest  consumption.  The  residual  oxygen  was  at  such  times  approxi- 
mately 2  c.c.  per  liter,  while  at  other  times  it  was  not  over  0.5  c.c.  per  liter. 
Still  better  results  in  pipe  protection  can  be  looked  for  if  a  sufficiently  large 
deoxidizer  is  used. 

Analyses  of  the  mixed  gases  left  in  the  deoxidized  water  showed  very 
small  percentages  of  oxygen  (see  Table  5,  page  136). 

It  was  noticed  that  the  rust  which  existed  in  the  pipes  protected  by  the 
deoxidizer  was  nearly  black  in  color,  showing  that  insufficient  oxygen  was 
present  to  produce  ferric  hydrate  (red  rust). 

The  corrosion  test  as  a  whole  showed  very  clearly  that  both  iron  and 
steel  pipes  used  as  hot  water  carriers  corrode  very  rapidly,  but  that  the 
deoxidizer  cuts  down  the  rate  of  pitting  and  lengthens  the  Hfe  of  the  pipe 
very  materially. 

Pittsburgh  Testing  Laboratory, 
(Signed)  Jas.  O.  Handy,  Director  of  Laboratories. 
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TABLE   3.     MEASUREMENTS    OF    THE    DEEPER    PITS    IN 
TEST  PIPES 


Average  Depths,  in. 


Wrought  iron, 

Bl 

Wrought  iron, 

B2 

Wrought  iron, 

B3 

Wrought  iron, 

B4 

National  Mill, 

CI 

National  Mill, 

C2 

National  Mill, 

C3 

National  Mill, 

C4 

National  Mill, 

R2 

National  Mill, 

R3 

National  Mill, 

R4 

Deepest   Pit,   m. 

Deepest  5 

Next  5 

0.126 

0.121 

0.111 

0.131 

0.12S 

0.117 

0.127 

0.121 

0.114 

0.117 

0.111 

0.103 

0.127 

0.123 

0.103 

0.125 

0.123 

0.109 

0.120 

0.107 

0.100 

0.124 

0.110 

0.101 

0.130 

0.123 

0.102 

0.127 

0.112 

0.101 

0.126 

0.118 

0.104 

TABLE  4.    LOSSES  OF  WEIGHT 


Original,  grams 

Final,  grams 

Losses 

Gram 

s             P< 

;r  cent. 

Wrought 

Iron, 

Bl 

3922 

.',370 

522 

14.07 

Wrought 

Iron, 

B2 

4054 

3580 

474 

11.69 

Wrought 

Iron, 

B3 

4010 

3505 

509 

12.70 

Wrought 

Iron, 

B4 

4019 

3531 

488 

Avg. 

12.14 

12.63 

National, 

CI 

3793 

3216 

577 

15.21 

National, 

C2 

3844 

3289 

555 

14.43 

National, 

C3 

3928 

3307 

621 

15.81 

National, 

C4 

3809 

3148 

661 

Avg. 

17.36 

15.70 

National. 

R2 

3925 

3537 

388 

9.88 

National, 

R3 

3953 

3395 

558 

14.12 

National, 

R4 

3950 

3398 

552 

Avg. 

13.98 

12.66 

TABLE  5. 


ANALYSES  OF  MIXED  GASES  LEFT  IN   DEOXIDIZED 
WATER 


March  9th 


March  10th 


Per  Cent. 

Per  Cent. 

Carbon  dioxide 

0.07 

0.12 

Oxygen 

3.54 

1.59 

Hydrogen 

6.87 

22.17 

Nitrogen 

89.52 

76.12 
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DISCUSSION 

J.  J.  Blackmore:  I  should  like  to  ask  the  Author  if  the  de- 
oxidizing chamber  shown  in  Fig.  2  is  filled  with  sheet  iron  or  steel? 
As  I  understand  it,  the  function  of  this  sheet  metal  is  to  de-oxidize 
the  water  by  contact  with  these  sheets,  instead  of  the  metal  of  the 
tank.  I  presume  the  water  after  being  heated  passes  through  the 
filter ;  if  so,  is  the  rusty  appearance  entirely  removed  from  the  water? 

I  am  often  asked  to  offer  a  remedy  for  the  removal  of  rust  or 
red  appearance  in  water  which  comes  from  the  hot  water  faucets.  I 
have  several  ways  of  correcting  this  trouble :  By  galvanizing  the 
water  jacket  of  the  heater;  or  by  using  a  brass  jacket  heater:  or  by 
the  use  of  a  galvanized  or  copper  tank :  again  I  recommend  a  tank  of 
large  capacity  to  prevent  overheating  the  water. 

I  frequently  come  across  this  trouble  in  New  England  cities  and 
in  residences  on  Long  Island,  but  even  in  these  sections  this  trouble 
is  avoided  if  the  water  can  be  kept  below  150  deg.  If  a  filter  is 
used  to  cleanse  the  water,  the  apparatus  suggested  is  a  very  good 
one,  but  I  should  want  to  be  sure  of  the  effectiveness  of  the  ap- 
paratus before  offering  it  as  a  remedy. 

J.\MEs  H.  Davis:  How  does  the  filter  work  if  the  water  contains 
magnesia  or  lime,  as  we  find  to  be  the  case  in  Indiana  ? 

Theo.  Weinshank:  I  would  hke  to  know  whether  the  velocity 
of  the  water  traveling  through  the  heater  has  any  influence  on  the 
result  obtained  ?  Also  have  you  run  any  tests  with  pressure  and  what 
effect  did  it  have  ? 

W.  H.  Carrier  :  This  paper  is  especially  interesting  to  me  as  I  am 
interested  in  air  conditioning,  and  there  we  have  the  effect  of  corro- 
sion to  contend  with  very  often.  The  trouble  we  have  is  mostly  in 
places  where  soft  coal  is  used,  and  is  due  to  the  products  of  combus- 
tion combining  with  the  air,  forming  a  sulphuric  acid  gas  which 
attacks  the  metal  rapidly,  even  in  brass  pipes.  A  trouble  we  have  to 
deal  with  largely  is  in  the  use  of  dissimilar  metals.  I  believe  the 
theory  has  been  advanced  by  chemists  that  practically  all  corrosion  is 
the  result  of  galvanic  action,  existing  between  dissimilar  metals,  or 
between  metal  parts  that  are  not  perfectly  homogenous.  Pure  metal, 
insulated,  might  not  be  affected  at  all,  but  metals  not  perfectly  homo- 
genous, and  practically  all  are  not,  will  have  the  action  take  place 
very  rapidly.  With  two  different  metals  having  a  different  potential, 
the  action  is  rapid.  This  may  be  in  part  an  explanation  of  the  action 
of  this  heater. 
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I  know  of  one  case  where  the  action  of  the  water  containing  a 
small  percentage  of  sulphuric  acid  gas,  is  being  counteracted  by  the 
use  of  iron  in  the  ^vater,  scrap  iron  serving  to  protect  the  pumps  from 
the  galvanic  action.  Without  this,  the  pumps  would  go  very  rapidly, 
while  with  the  electrical  action  which  is  transferred  to  the  iron,  the 
effect  on  the  pumps  is  almost  negligible.  It  seems  to  me  that  in 
order  for  any  corrosion  to  occur,  there  must  be  two  things  :  (1)  The 
use  of  dissimilar  metals,  or  of  unhomogenous  metals  which  will  ac- 
celerate galvanic  action,  and  (3)  Some  corrosive  element  such  as 
oxygen,  acid,  or  a  soluble  salt. 

Wm.  Wilcox  :  The  question  of  corrosion  is  a  bug-bear  to  every 
manufacturer  of  heaters.  In  this  connection,  W.  B.  Hoyt,  of 
Rochester,  N.  Y.,  corrected  trouble  of  this  character  in  several 
plants  through  the  use  of  a  float  valve,  which  opened  to  allow  the 
gas  generated  by  heating  to  escape,  and  closed  to  retain  the  water. 
While  this  may  not  have  eliminated  all  corrosion,  it  did  correct  dis- 
coloration of  water,  which  was  the  principal  complaint.  He  has 
obtained  good  results  and  is  satisfied  to  continue  the  method  where 
a  corrosive  gas  is  generated  in  heating  the  water. 

J.  R.  McColl:  a  chemist  in  Detroit  gave  as  his  opinion  that  what 
is  apparently  pure  water  may  still  be  water  that  will  attack  metals. 
He  said  he  found  that  water  robbed  entirely  of  iron  and  which  analy- 
sis showed  contained  nothing  deleterious,  still  would  be  more  corro- 
sive than  water  which  had  not  had  the  iron  removed  from  it.  I 
want  to  know  whether  in  these  tests  that  Mr.  Speller  has  made,  any 
determination  of  the  iron  given  up  to  the  water  by  this  process  was 
observed  ? 

The  Author  :  Replying  to  the  question  as  to  the  presence  of  iron 
in  the  water,  I  believe  it  is  true  that  so  long  as  there  is  any  free 
oxygen  in  the  water,  iron  will  be  dissolved  and  will  be 
found  in  the  water  suspended  as  insoluble  oxide.  A  very  slight 
amount  of  iron  remains  in  solution  after  the  elimination  of  the  oxy- 
gen, which  has  not  been  found  to  exceed  0.4  parts  per  million. 

The  effect  of  putting  sheet  steel  in  the  storage  tank  is  to  lessen  the 
corrosion  of  the  pipe  and  also  of  the  tank  itself,  as  this  corrosion 
is  concentrated  in  the  tank  and  divided  over  a  large  area  of  metal 
rather  than  concentrated  on  a  limited  surface  on  the  inside  of  the  tank 
and  pipe.  It  would  not  be  necessary  to  use  a  galvanized  tank  for 
this  purpose. 

In  regard  to  the  effect  on  ])ipe  of  hard  water  carrying  lime, 
we  have  found  that  there  is  no  particular  troul)le  in  the  hot  or  cold 
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water  lines.  One  can  almost  map  out  the  country  as  to  the  areas  in 
which  they  have  trouble  with  the  hot  water  supply  lines  by  knowing 
the  hardness  of  the  water. 

The  relation  of  time  and  temperature  to  deoxidization  of  water  by 
this  system  is  important.  While  at  this  time  we  do  not  have  suf- 
ficient experience  with  plants  of  various  sizes  to  make  any  positive 
statement,  generally  speaking,  twenty  minutes  contact  at  the  tem- 
perature which  usually  prevails  in  a  hot  water  supply  system  is 
sufficient.  This,  however,  will  vary  considerably  with  local  condi- 
tions. Ample  heating  capacity  should  be  provided  so  that  in  times 
of  the  greatest  draft  on  the  system,  the  temperature  will  not  fall 
below  IGO  deg.  in  the  tank.  The  corroding  action  in  the  storage 
tank  is  probably  accelerated  by  the  contact  of  plates  with  each  other 
and  apparently  increases  when  the  plates  become  rusty  due  to  gal- 
vanic action. 


v/l!//////.'//////////,^r:'^^^^^^(»h///////^;//^A'//y//////////^^ 


FIG.   7.     EX.A.MPLE  OF   GALVANIC   ACTION   IN   COUPLINGS   OF 
DISSIMILAR  PIPE 


There  seems  to  be  a  decided  feeling  that  a  water  supply  which 
has  been  chemically  treated  and  filtered  is  much  more  corrosive  than 
the  raw  water.  This  may  be  due  to  the  fact  that  nearly  all  the 
organic  matter  is  removed  by  filtering.  If  the  water  did  carry  much 
silt  or  organic  matter  and  was  un  filtered  it  is  a  question  whether 
our  method  of  deoxidizing  would  be  efifective,  as  the  iron  plates 
would  soon  become  coated  and  be  protected  from  the  action  of  the 
water.  Inasmuch  as  the  deoxidizing  tank  would  tend  to  remove 
much  of  the  suspended  matter  which  before  had  acted  as  a  protec- 
tion tor  the  inside  of  the  pipe,  and  as  this  would  retard  the  removal 
of  oxygen  in  the  tank,  the  efi'ect  on  the  pipe  in  extreme  cases  might 
be  the  reverse  of  what  would  be  expected.  As  a  rule,  it  appears  that 
ordinary  domestic  hot  water  may  be  rendered  practically  harmless 
by  any  practical  system  of  deoxidization. 

Referring  finally  to  the  recent  corrosion  tests  in  untreated  water 
where  several  different  kinds  of  pipe  were  installed  together  in  the 
same  line,  these  have  been  objected  to  by  some  on  the  ground  that 
galvanic  action  would  set  up  between  the  iron  and  steel  or  other 
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dissimilar  metals.  Just  what  this  action  would  be,  it  is  hard  to  say, 
but  we  have  noticed  a  slightly  increased  corrosion  near  the  ends  of  all 
the  pipe  connected  as  shown  in  Fig.  7,  which  appears  to  be  due  to 
the  eddy  currents  in  the  couplings  as  much  as  anything  else.  At  all 
events  this  action  does  not  extend  over  ^  in.  from  the  end  of  the 
pipe  and  it  has  been  the  practice  to  eliminate  an  inch  or  so  of  the 
ends  in  making  comparative  measurements  of  the  corrosion  in  the 
line. 
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COMPARISON  OF  PIPE  COILS  AND  CAST  IRON 
SECTIONS  FOR  WARMING  AIR 

By  John  R.  Allen,  Ann  Arbor,  Mich. 
Member 

THE  object  of  this  paper  is  to  present  to  the  designing  engineer 
data  as  to  the  comparative  effects  of  pipe  coils  or  cast  iron 
sections  as  types  of  radiation,  which  will  be  useful  in  laying 
out  a  ventilating  system.  The  conclusions  reached  are :  first,  that  the 
condensation  in  pounds  per  square  foot  per  hour  for  both  pipe  coils 
and  cast  iron  surfaces  depends,  in  properly  designed  surfaces,  upon 
the  friction  of  the  coil ;  and,  second,  that  the  friction  of  pipe  coils 
varies  as  the  velocity  to  the  1.9  power  and  in  cast  iron  sections  as 
the  square. 

APPARATUS  USED 

In  order  to  obtain  the  results  for  pipe  coils,  an  entirely  new  set 
of  experiments  were  made  on  an  American  Blower  Co.  No.  25-A 
pipe  coil  with  1  in.  pipes  spaced  2-)4  in.  on  centers  with  pipes  5  and 
5  ft.  3  in.  in  height.  Each  section  contained  four  staggered  rows 
of  pipe,  making  192.55  sq.  ft.  per  section  with  a  free  air  area  as 
measured  between  the  first  row  of  pipes  of  17.1  sq.  ft. 

These  tests  were  made  at  the  Research  Laboratory  of  the  Ameri- 
can Radiator  Company  with  substantially  the  same  apparatus  that 
was  used  by  L.  C.  Soule  in  testing  the  cast  iron  sections.  Fig.  1 
shows  the  face  view  of  the  coils  in  the  testing  chamber,  taken  from 
the  inlet  side.  This  view  shows  the  covering  used  to  protect  the 
thermometers  from  radiant  heat.  It  also  shows  the  piping  used  to 
obtain  the  static  pressure  on  the  inlet  side  of  the  coil.  An  inclined 
platform  4  ft.  long  was  placed  in  front  of  the  coils  and  a  similar  one 
after  the  coils  to  prevent  the  air  currents  ordinarily  produced  by 
the  base  of  the  coil. 


Presented  at  the  Annual  Meeting  of  The  American   Society  of  Heating  and  Ven- 
tilating  Engineers,    New   York,   January,    1917. 
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Figs.  2  and  3  show  the  piping  connections  to  the  coils,  the  steam 
separator,  manometer  for  measuring  the  resistance  of  the  coil,  the 
steam  gage,  and  the  steam  jacketed  tank  for  collecting  condensa- 
tion. The  water  level  was  maintained  constant  in  this  tank  during 
the  tests  as  nearly  as  possible. 

Fig.  4  shows  the  air  discharge  piping  connecting  the  coils  with 
the  fan,  the  location  of  the  Pitot  tube  and  slant  gage,  and  the  board 


FIG.   1.     FACE  VIEW  OF  COILS   IN  THE  TESTING   CHAMBER 


used  to  locate  the  Pitot  tube  positions  at  which  the  readings  were 
taken.  Forty  readings  of  the  manometer  were  taken  for  each  test 
and  these  were  averaged. 

Fig.  5  shows  the  weighing  barrels  located  on  the  floor  below  in 
which  the  condensation  from  the  coils  was  weighed.  The  conden- 
sation was  collected  in  one  barrel  while  the  weight  was  being  taken 
in  the  other  barrel,  so  that  the  weighing  could  be  done  accurately, 
?nd  the  weights  were  checked  at  fifteen  minute  intervals. 
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TESTS 


Before  starting  the  tests,  the  coils  were  put  under  steam  pres- 
sure and  carefully  examined  to  see  that  they  were  hot  all  over  and 
not  air  bound  at  any  point.     The  velocity  of  the  air  through  the  coils 


\-i(. 


J'li'lNG   CONXECTIOXS   TO   COILS   AND   CONDENSATION    TANK.    AND 
THE   MANOMETER 


was  adjusted  by  means  of  the  speed  of  the  fan  and  the  adjustment 
of  the  dampers.  The  air  velocities  were  measured  by  means  of  a 
Pitot  tube  and  manometer.  The  velocity  determined  by  the  Pitot 
tube  was  checked  with  the  velocity  determined  from  the  conden- 
sation of  steam  in  the  coils.  In  most  of  the  tests  these  velocities 
checked  within  less  than  1  per  cent  and  in  all  cases  in  less  than  5  per 
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cent.  In  making  the  final  computations  the  velocities  as  determined 
from  condensation  were  used. 

Table  1  shows  the  sample  test  sheet.  Table  2  shows  the  principal 
average  results  from  the  different  tests.  From  the  results  of  these 
tests  Fig.  6  has  been  constructed.  The  method  of  constructing  this 
chart  was  to  plat  the  test  points  and  then  compute  the  other  points 

bv  the  following  equation  : =  — 

v./  •"         /; 

wliere  F^  is  a  known  \elocity  for  which  the  friction  is  /\  and  V2 
is  the  velocity  for  which  the  friction  /o  is  to  be  determined.  The 
value  of  the  co-efificient  1.9  was  determined  from  the  logarithmic 
charts,  Figs.  8A  and  8B.  This  value  also  coincides  with  the  values 
determined  for  pipe  coils  by  W.  H.  Carrier.  Intermediate  values 
between  stacks  for  various  numbers  of  stacks  were  obtained  by 
dividing  the  friction  by  the  number  of  stacks  greater  than  one.  This 
is  strictly  true  except  in  the  case  of  one  stack.  The  results  show 
that  the  friction  through  one  stack  is  slightly  greater  due  to  the 
effect  of  entrance  and  exit  velocities. 

The  points  of  Fig.  G  were  also  checked  from  these  logarithmic 
charts  and  found  to  coincide.  The  test  points  are  shown  on  the 
charts  and  conform  very  closely  to  computed  position.  The  veloci- 
ties shown  on  these  charts  are  for  the  iici^'  free  air  area  of  the 
A.  B.  C.  coil.  These  areas  are  taken  on  the  diagonals  between  the 
two  staggered  rows  and  are  two-thirds  of  the  area  taken  between 
the  pipes  of  the  first  row.  The  velocities  indicated  are  therefore,  50 
per  cent  more  than  if  the  area  is  taken  between  the  pipes  of  the  first 
row  which  is  the  usual  custom.  In  fact,  as  the  paper  shows,  it  is  not 
material  where  the  free  area  is  taken,  as  the  effectiveness  of  the  coil 
depends  primarily  upon  the  friction  in  this  type  of  heater  and  not 
upon  the  velocity  passing  through  the  coil.  This  fact  is  pointed  out 
as  different  manufactvirers  differ  in  their  practice  in  regard  to  the 
measuring  of  free  air  area.  If  two-thirds  of  the  velocities  shown  in 
the  tables  are  taken  instead  of  the  velocities  given  then  the  results 
shown  on  the  charts  will  be  for  velocities  where  the  free  air  area  is 
taken  as  the  area  between  the  first  row  of  pipes.  This  applies  to  all 
the  pipe  coil  Charts  and  Tables  except  Fig.  7. 

Fig.  7  shows  the  temperature  of  the  air  leaving  the  coil  with  the 
air  entering  at  zero  temperature.  Velocities  in  this  Chart  are  for 
free  air  areas  taken  between  the  first  row  of  pipes  :  it  also  gives  the 


Comparison  of  Pipe  Coils  and  Cast  Iron  Sections 


145 


rise  of  temperature  that  would  l)e  obtaiued   for  different  numbers 
of  stacks  at  varying  velocities  through  the  coil. 

Tables  3  and  4  show  the  final  temperature  and  condensation  for 
different  velocities  and  numbers  of  stacks,  with  pipe  coils  carrying 
steam  at  227  deg.  and  different  entering  air  temperatures.  The 
velocities   for  the  actual  tests  have  been  computed   from   the  con- 


I"l<;.     .?.     TUK     Sri.A.\I-l.\(Ki:iKlJ     COMJEXSATICJX     tank.     SKrAkAloK     ANU 

STEAM    CAGE 


dcnsalion.       riic  condensation   has   ht-cn   coni]uiU'(l    for   inlcruH'cliate 
points   for  dift'erenl    xclocities  by  the   following  ex])rcssion  : 

V  X  ;V  X  C  X  L  —  r  X  a   (t  —  t,)   \  U/i  I  x  CO  x  O.O:  I!).') ( 1  ) 

where  S   --   sq.  ft.  hciting  surface  j)er  st.'ick  : 

C    =   Condensation  ])er  s;|.  ft.  ])er  hour   ( /,.  H.  S.)  ; 
/,   =    Latent   lieat  -r-   •»(;(). 7    for  227   (\vii.  fabr.  : 
r   --    X'elocity  in    feet  per  ininntf  ; 
'        /  rise  in  ti'ni]K'r;iturc : 
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a  =  free  air  area  in  sq.   ft.  in  the  coil  on  the  diagonal  =: 

17.1  X  2/3  ; 
A''  =  number  of  stacks  ; 
0.24        =  specific  heat  of  air; 

0.0T495  =  the  weight  of  one  cubic  foot  of  air  at  70  deg.  tempera- 
ture and  a  barometer  of  29.92  in. 


fk;. 


AKKAXGEMKXT    OF  WEIGIIIXC    BARRFLS   OX    FLOOR    BELOW 
TESTING    CILXMBER 


The  heating  surface  in  one  stack  amounts  to  192.5.3  sq.  ft.  Sim- 
plifying equation  (])  and  solving  for  C,  the  equation  becomes: 

1.0:9x17.1x2/;}     y{t  —  t,)       V{t  —  t,) 
c  = X = (2) 


!)2..jr)  X  900.: 


N 


15037    X   A' 

Assuming  any  velocity  and  range  of  temperature  the  correspond- 
ing condensation  has  been  obtained  for  any  number  of  stacks  from 
the  expression  in  equation  (2).  The  results  are  shown  in  Tables  3 
and  4.  These  results  check  very  closely  with  the  results  given  by 
L.  C.  Soule  in  Vol.  XIX  of  the  Transactions  of  the  Society  (page 
391,  Chapter  No.  328). 
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Tables  5  and  6  give  the  same  quantities  for  the  cast  iron  section. 
This  table  is   for 'the  regular  Vento  section  with   5^   in.  spacing 
Using  the  same  notation  as  for  the  pipe  coil,  the  expression  for  the 
condensation  in  the  cast  iron  section  becomes 
V(t-t,) 

C    =:    (3) 

13130  X  iV 
By  the  use  of  logarithmic  plotting  paper  it  is  possible  to  combine 
the  results  from  tests  on  pipe  coils  with  those  on  cast  iron  sections 
in   one   chart   and   this   chart   can   be   used   to   obtain   any   quantity 
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desired  for  Ijoth  cast  iron  and  pipe  coil  surfaces.  Figs.  8 A  and  8B 
are  companion  charts  showing  results  of  these  tests  plotted  on 
logarithmic  paper  for  both  pipe  coil  and  Vento  surfaces.  These 
illustrations  show  .graphically  many  things  that  would  not  be  easily 
observed  from  the  Tables.  Fig.  8A  gives  the  results  for  1  in.  pipe 
coils  on  2}'4  in.  centers,  as  obtained  from  the  tests  made.  Fig.  8B 
shows  similar  results  for  cast  iron  \^ento  surfaces  which  were 
taken  from  the  tests  made  by  L.  C.  Soule  :  these  have  l)een  cliecked 
on  the  chart. 

On  the  left  hand  side  of  Fig.  8A  the  figures  shown  are  for 
velocities  passing  through  the  coil.  These  velocities  are  also  shown 
on  the  right  hand  side  of  Fig.  8B.  The  other  side  scales  on  these 
charts  give  the  condensation  in  pounds  per  square  foot.     The  lower 
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scales  give  the  friction  resistance  in  inches  of  water — in  Fig.  8A  for 
pipe  coils  and  in  Fig.  8B  for  the  cast  iron  radiation.  The  upper 
lines  show  the  differences  between  the  air  entering  and  the  air  leav- 
ing the  surfaces. 


USE  OF    CHART 


In  order  to  explain  the  use  of  these  charts,  we  will  take  an  assumed 
case  from  Table  3.  With  five  stacks  of  pipe  coils  and  an  entering 
temperature  of — oO  deg.  fahr.,  the  leaving  temperature  for  a  ]200  ft. 
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velocity  is  S!)  deg..  making  the  difference  l^etween  entering  and  leav- 
ing air  I  11'  deg.  Now  referring  to  the  dotted  lines  on  I'^ig.  HA,  the 
horizontal  line  for  1200  ft.  velocity  intersects  the  vertical  line  repre- 
senting 1 1!)  deg.  at  the  point  A.  From  the  point  .\,  draw  a  line  at  45 
deg.  until  it  intersects  the  \erlica]  line  for  hvc  stacks.  From  this 
point  of  intersection,  extend  a  horizontal  line  to  the  right-hand  scale 
and  we  see  that  the  condensation  is  1.8!)  11).  which  agrees  with  the 
condensation  gi\cn  in  Table  '■'>.  The  resistance  is  obtained  by  ex- 
tending the  horizontal  line  for  1200  ft.  velocity  until  it  intersects 
the  diagonal  line  for  five  stacks;  a  vertical  line  from  this  intersection 
shows  that  tlie  resistance  is  0.2.")  in.  of  water. 

Let  us  assume  a  similar  case  for  cast  iron  radiation.  Take  the 
same  resistance  (0.20  in. )  on  Chart  Fig.  8B  and  extend  a  vertical  line 
until  it  intersects  the  diagonal  line  for  five  stacks..   From  this  point 
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carry  a  horizontal  line  until  it  intersects  the  line  for  increase  of 
temperature  of  130  deg.  From  this  point  carry  a  4:5  deg.  line  until 
it  intersects  the  vertical  line  for  five  stacks.  From  this  point  of  in- 
tersection extend  the  line  to  the  left  scale  of  the  chart  and  the  con- 
densation will  be  seen  to  be  a  little  over  1.9  lb.  The  horizontal  line 
from  the  intersection  of  the  0.25  friction  line  and  the  diagonal  for 
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PAPER 

five  Stacks,  carried  to  the  right,  shows  that  the  corresponding  velocity 
in  the  cast  iron  surface  is  lOfiS  ft.  per  minute. 

CONCLUSIONS 

It  will  be  noticed  in  comparing  the  examples  for  pipe  coil  and 
cast  iron  surfaces  that  similar  resistance  gives  almost  the  same 
condensation.  If  the  difference  in  temperature  in  both  cases  had 
been  taken  as  119  deg.,  the  condensation  would  have  been  almost 
identical ;  it  would  vary  in  the  two  cases  by  less  than  2  per  cent. 
Velocities  are,  however,  quite  different,  the  cast  iron  surface  having 
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a  velocity  11  per  cent  less  than  the  pipe  coil.  If  this  same  opera- 
tion is  repeated  for  a  great  many  different  conditions  for  both  pipe 
coil  and  cast  iron  surfaces,  it  will  be  found  that  in  all  cases  equal 
frictions  give  almost  identical  condensations,  while,  as  the  friction 
varies  as  the  1.9  power  of  the  velocity,  the  velocities  will  necessarily 
show   considerable   variation.      The   condensation   of   a   coil   is   the 


Difference  between  Final  Temperahire  andjnifigil  lemperafure  of  Air 


^ff^W^HBs 


Fricfional  Resistance  in  Inches  of  Water 
FIG.   8B.      RESULTS   OF  TESTS   OF   VENTO   SURFACES    PLOTTED   OX 
LOG.\RITHMIC  PAPER 


measure  of  its  heating  effect  and  the  efficiency  of  a  coil  is  approxi- 
mately 100  per  cent.  Figs.  8 A  and  8B  therefore  show  that  the 
heating  effect  of  a  bla.st  heater  surface — properly  designed — depends 
upon  the  friction  of  the  coil  and  not  u])on  the  catalogue  velocities, 
and  that  in  properly  designed  coils  it  is  better  to  compare  various 
coils  by  their  friction  losses  than  by  velocities  and  free  air  areas. 
For  the  designing  engineer  it  would  be  better  to  assume  friction  in 
selecting  a  coil  than  to  assume  velocity.  This  being  the  case,  it 
is  immaterial  where  the  free  air  area  of  a  coil  is  taken,  as  the  fric- 
tion depends  upon  the  volume  of  air  passing  through  the  coil. 
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The  charts  also  show  the  relation  between  the  velocity  of  the  air 
and  the  friction.-  In  any  logarithmic  chart  the  slope  of  the  line 
represents  the  exponent  for  power  of  the  quantity.  Then  in  Fig.  8A 
the  diagonals  for  the  number  of  stacks  are  as  1.9  to  1  which  means 
that  the  friction  varies  as  V  to  the  1.9  power.  If  Fi  is  a  given 
velocity  at  which  the  friction  is  f^,  then  the  friction  /  at  any  other 
velocity  V  would  be  represented  by  the  expression  : 

=  — ;  or  /  =  for  pipe  coils. 

//I  -9  /  /7ji  •« 

For  cast  iron  sections  of  Vento  type,  Fig.  8B  shows  that  the 
friction  /^  varies  as  the  velocity  V  to  the  2.0  power,  or  as  V'.  The 
difference  in  the  co-efficient  is  probably  due  to  the  slight  roughness 
on  the  cast  iron  surface. 

It  is  of  course  possible  to  construct  a  poorly  designed  heater 
either  in  pipe  coil  or  cast  iron  sections  in  which  condensation  will 
not  be  proportional  to  friction.  In  one  case,  the  areas  in  the  coils 
might  be  so  open  that  the  air  could  pass  through  the  coil  without 
being  materially  heated.  It  is  also  possible  to  construct  a  coil  in 
which  the  friction  would  be  excessive,  in  which  case  there  would  be 
a  loss  of  effectiveness  due  to  excessive  eddy  currents.  In  any  coils 
properly  designed  the  condensation  should  be  proportional  to  the 
friction  through  the  heater  and  were  it  possible  to  construct  a 
perfect  design  of  coil,  this  relation  woidd  be  absolutely  true. 

In  the  design  of  ventilating  systems  many  engineers  and  archi- 
tects have  not  given  sufficient  attention  to  the  friction  of  air  passing 
through  the  heater.  The  results  of  this  paper  would  seem  to  show 
that  the  friction  through  the  heater  is  the  most  important  consid- 
eration in  the  selection  of  a  heater.  Good  practice  requires  that  the 
friction  of  the  heater  should  not  exceed  more  than  one-half  the 
total  pressure  produced  by  the  fan.  If  the  heater  friction  is  too 
high,  excess  pressure  must  be  produced  by  the  fan  to  overcome  this 
friction,  requiring  additional  power  to  drive  tbe  fan.  This  additional 
power  means  an  extra  charge  which  is  an  operating  expense  and 
must  be  paid  throughout  the  whole  operating  life  of  the  plant.  If 
the  friction  is  taken  too  low,  then  the  coil  becomes  ineffective  and 
a  much  larger  coil  must  be  used  than  is  necessary  to  produce  the 
heating  effect  desired.  The  heating  resistance  of  the  heater  should 
be  proportioned  to  the  piping  resistance  or  to  the  total  pressure 
produced  by  the  fan.  The  exact  proportion  that  should  be  used 
has.  as  far  as  I  know,  only  been  roughly  approximated. 

In  conclusion  I  wish  to  acknowledge  the  assistance  of  Professor 
W.  F.   Verner  in  working  up  the  logarithmic  charts. 
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TABLE  1.     RECORD  OF  TESTS  OF  3-SECTJON  PIPE  COIL,  A.  B.  CO. 
NO.  25-A,  I  IN.  PIPE  SECTIONS. 


Test    No.  7 

V\ eather     Cloudy 

Barometer     29.77  In.  Date Nov.  26,   1916 

Total    Heating    Surface 577.65  Sq.  Ft.      From    1:25    to    2:25    P.    M. 

Free  Area  Through  Heater...  17.1     Sq.  Ft.                       Fresh  Air 

Area  of  Round  Suction  Pipe..  7.07  Sq.  Ft.                      K  =   18.45 

Centers  of   Stacks ._ 8.75  In.                              C  =     7.31 

Centers   of    Pipes   in    Stack...  i.75  in. 

Time    1  :32     1  :47      2 :02      2 :17  Average 

Boiler    Pressure,   lb 25         25         25  25  25 

Heater  Pressure,  lb 6  6  6  6  6 

Heater  Steam   Temperature,  deg.       229  229  228.5  230.5/  226  25 

Heater  Condensation  Temp.,  deg.       223  223  222.5  224.5) 

Latent  Heat,  B.t.u 961.15 

Initial    Temp.    Entering    Air 35-36    36-36    36-36.5     36.5-36.5      36.06 

,    87.5        87.  87.5        88    >, 

Final  Temp.   Air  Leaving  Heater,     I    87.5         87.  88.  88      I      oq,^ 

four    thermometers    i    90.  90.  91.  91      f 

I  90.5        90.5        91.  92     J 

Friction     Loss     Through     Heater 

(in.  of  water) 0.218        0.219        0.221        0.221      0.21975 

Condensation    lb 240.5-242.5-2.49-2.42  =  974  89.16 

Condensation,  lb.  per  Sq.  Ft.,  per  Hr .974       =  1.685  36.06 

974  X  961.15  577.65       Temp,  rise  53.10 
=  955  velocity 

53.1  X  18.45 

M.'XNOMETER  RE.\DINGS 

Ratio  of  Inclination  of  U-Tube  10  to  1 
Specific  Gravity  of  Oil  in  U-Tube  0.833 


ings  :   (Velocity,  in.) 

H 

V 

D, 

D, 

1 

3.8 

3.4 

3.4 

3.7 

2 

4.3 

4.6 

4.3 

4.3 

3 

4.2 

4.7 

4.7 

4.6 

4 

4.3 

4.8 

4.8 

4.7 

5 

4.4 

4.7 

4.6 

4.7 

6 

4.2 

4.4 

4.3 

4.3 

7 

4.4 

4.0 

4.4 

4.4 

8 

4.2 

3.3 

4.5 

4.6 

9 

4.0 

3.0 

4.4 

4.5 

10 

3.3 

3.4 

3.3 

3.9 

459.2 
89.16 

548.36 


Average  Velocity,  in.  water    0.411         0.403         0.427         0.437  0.4195 

10.4195  X  548.36 


F 


=  870^- 


2420. 


29.77 

Velocity   (ft.   per  min.)    in   pipe    (from   manometer  readings) 2420 

29.77 


2420x7.31  X 


548.36 


958 


Velocity  through  Heater  at  70°   (ft.  per  min.)  958 

Velocity  through  Heater  from  comlcnsation        955     3/958  =   .314%  error. 
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DISCUSSION 

W.  H.  Carrier:  I  wish  to  state  my  appreciation  of  the  manner 
in  which  the  comparisons  of  the  two  surfaces  were  carried  out.  I 
dealt  with  that  problem  some  time  ago,  and  it  was  a  very  difficult 
thing.  I  had  to  do  it  by  a  method  of  "cut  and  try,"  but  this  method 
makes  it  very  much  easier.  I  have  not  followed  it  out,  but  I  think 
it  is  very  simple  and  ingenious  to  make  comparisons  in  this  way, 
which  are  otherwise  very  difficult. 

In  the  paper  before  this  Society  in  1911,  it  was  stated  that  it  was 
the  comparison  between  pressure  losses  that  should  be  continued.  I 
am  glad  to  see  this  brought  before  the  Society  and  also  to  note  the 
statement:  "that  the  heat  transmission  is  proportionate  to  the  loss, 
without  regard  to  the  heater."  This  corroborates  what  Mr.  Busey 
and  myself  thought  was  a  probability,  but  we  had  not  made  suf- 
ficient tests.  This  seems  to  have  proved  it  with  tests  under  like 
conditions,  and  puts  the  thing  in  definite  form. 

J.  J.  Blackmore  :  Was  any  effort  made  in  these  tests,  to  deter- 
mine the  extent  of  air  removal? 

Prof.  J.  R.  Ai.lex  :  Regarding  the  question  of  expelling  air; 
before  the  tests  were  started,  the  coils  were  exhausted  to  be  sure 
all  the  air  was  expelled.  An  air  valve  was  open  at  all  times,  so 
that  an  accumulation  of  air  was  not  possible. 

■  I  might  make  another  statement  while  on  the  floor ;  I  do  not 
believe  that  with  pipe  coils,  it  would  make  any  difference  what  the 
coils  are  made  of.  The  material  composing  the  coil  does  not  make 
any  difference  in  the  heat  transmission. 

Condensation  depends  upon  frictional  resistance.  It  does  not 
make  any  difference  how  the  free  area  through  the  coil  is  taken  ;  the 
real  point  that  determines  the  condensation  and  the  heating  effect 
is  not  free  area,  but  friction. 
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THE  TRANSMISSION  OF  STEAM  IN  A  CENTRAL 
HEATING  SYSTEM 

By  J.  H.   Walker.   Detroit,   Mich. 
Member 

THE  central  heating  .situation  in  Detroit  is,  in  many  respects, 
unique.  The  rapid  (le\elopment  of  the  business  district 
and  the  popularity  of  the  heating  service  have  resulted  in 
the  extension  of  the  distribution  system  over  a  very  wide  area, 
and  the  connecting  of  new  buildings  has  made  the  street  pipe 
system  entirely  inadequate  for  the  transmission  of  the  quantities 
of  steam  now  required.  The  problem  thus  arising  has  been  met 
by  treating  the  general  network  of  pipes  as  distributing  mains, 
and  resorting  to  the  use  of  "feeder"  lines  which  extend  from  the 
boiler  plants  to  the  centers  of  load  and  v^•hich  are  used  solely  for 
transmitting  steam  to  the  distribution  mains  proper,  no  con- 
sumers being  served  from  these  feeders.  The  method  which 
has  been  developed  is  parallel  to  that  used  in  electrical  distribu- 
tion, where  feeders  radiating  from  the  generating  station  carry 
current,  with  a  large  voltage  drop,  to  various  points  in  the  net- 
work of  mains.  In  the  working  out  of  this  method,  much  atten- 
tion has  l)een  given,  i)erforce,  to  the  matter  of  transmitting  larsie 
cpiantities  of  steam  over  long  distances  in  an  economical  manner. 
The  problem  is  essentially  one  of  choosing  the  pipe  sizes  so  as 
to  keep  the  investment  costs  and  radiation  loss  at  a  minimum. 
There  are  four  factors  entering  into  the  selection  of  pipe  sizes  : 
a.  the  amr)unt  of  steam  flowing:  b.  the  length  of  the  pipe;  c.  the 
jircssure  drop,  and  d.  the  size  of  the  pipe.  The  first  two  cpiantities 
are  fixed  by  the  given  conditions.  Since  the  size  of  the  pipe 
governs  the  investment  recjuired,  it  is  desirable  to  use  .'i  small 
pipe  and  allow  a  large  i:)ressure  drop,  \\nien  exhaust  steam  is 
used,  the  available  pressure  drop  is  the  difi^erence  between  the 
back  pressure  allowable  on  the  electric  generating  units  and  the 
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minimum  pressure  required  at  the  end  of  the  line.  This  differ- 
ence is  usually  cjuite  small  and  the  resulting  pipe  sizes  are  con- 
sequently comparatively  large ;  although  it  is  now  possible  to  buy 
turbines  which  will  carry  their  rated  load  at  a  back  pressure  of 
25  lb.,  allowing  the  use  of  much  smaller  pipes.  The  use  of  bleeder 
type  turbines  also  permits  higher  pressures  on  the  steam  lines  at 
the  plant,  with  a  consequently  larger  available  pressure  drop. 

In  most  central  heating  systems  some  live  steam  is  used,  either 
to  augment  the  available  exhaust  during  the  coldest  weather' qr 
lo  supply  the  system  entirely.  In  feeding  live  steam  directly  to 
the  system,  the  conditions  are  quite  different.  The  upper  limit  of 
the  pressure  gradient  which  can  be  established  in  the  line  is 
then  the  boiler  pressure  of  the  plant,  and  under  maximirm  load 
conditions  the  full  drop  from  boiler  pressure  to  distribution  pres- 
sure may  be  made  to  take  place  in  the  steam  line  instead  of  in  a 
reducing  valve.  The  diameter  of  the  pipe  which  is  required 
under  these  conditions  is  relatively  very  small.  It  is  only  recently 
that  the  full  possibilities  in  this  direction  seem  to  have  been 
realized  and  put  into  practice. 

Suppose,  for  example,  that  it  is  desired  to  transmit  12,000  lb. 
of  steam  per  hour  over  a  distance  of  1,000  ft.,  with  a  terminal 
pressure  of  10  lb.  If  the  pressure  were  reduced  at  the  plant  and 
the  pipe  designed  for  the  ordinary  velocities  of  8,000  to  10,000 
ft.  per  minute,  an  8  in.  pipe  would  be  required.  If,  however,  the 
usual  standard  of  velocity  is  disregarded  and  the  full  available 
pressure  drop  from  boiler  pressure  (assumed  as  125  lb.)  to  10  lb. 
is  allowed  in  the  pipe  line,  a  4  in.  pipe  would  be  sufficient.  The 
cost  of  an  8  in.  underground  pipe  1,000  ft.  long  would  be  about 
$6,000.00.  The  cost  of  a  4  in.  pipe  of  the  same  length  would  be 
about  $4,000.00,  33  1/3  per  cent.  less.  The  heat  loss  per  square 
foot  of  pipe  surface  would  be  greater  in  the  case  of  the  small 
pipe  because  of  the  higher  average  temperature  of  the  steam  in 
the  pipe,  but  because  of  the  less  surface  of  the  small  j^ipe,  the  total 
heat  loss  would  be  less.  It  should  be  borne  in  mind,  however, 
that  in  nearly  all  cases  the  heat  loss  is  a  small  factor  compared 
with  the  investment  charges. 

In  most  of  the  existing  central  heating  systems,  it  is  impracti- 
<-able  to  carry  pressures  approaching  boiler  pressure  on  the  dis- 
tribution mains.  Even  if  the  underground  construction  is  not  of 
the  low  pressure  type,  considerations  of  safety  would  require 
elaborate  pressure  reduction  equipment  in  the  consumers'  build- 
ings. Therefore,  when  the  maximum  allowable  distribution  pres- 
sure has  been  reached  on  the  mains,  where  they  are  fed  only  at  the 


Transmission  of  Steam  in  a  Central  Heating  System 


163 


plant,  it  becomes  advisable  to  run  out  from  the  plant  "feeders" 
of  small  diameter,  carrying  steam  at  high  velocities,  and  with 
large  pressure  drops,  to  remote  points  in  the  distribution  system. 
The  pressure  of  the  steam  delivered  to  these  feeders  can  be  varied 
as  the  load  requires,  in  order  to  maintain  a  constant  pressure  at 


FIG.   1.     TRUNK  MAIN  AND  FEEDERS  TO  MURPHY  POWER  COMPANY     - 
HEATING    SYSTEM 


the  point  where  they  tie  into  the  distribution  system.  Such 
live  steam  feeders  can  also  be  advantageously  applied  to  exhaust 
steam  systems  on  which  the  limit  of  back  pressure  has  been 
reached.  Where  this  condition  exists,  the  available  exhaust  is 
usually  inadequate  in  extreme  weather,  and  such  live  steam 
as  is  added  should  be  fed  into  the  system  at  some  distant  point 
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through  a  high  velocity  feeder  instead  of  being  fed  in  at  the  plant 
and  thereby  further  raising  the  back  pressure  on  the  engines.  A 
third  case  in  which  such  feeders  can  be  used  occurs  when  local 
conditions  require  that  the  boiler  plant  be  located  at  some  dis- 
tance from  the  center  of  the  load.  Some  interesting  examples 
of  this  method  of  transmitting  live  steam  have  recently  been 
worked  out  in  Detroit,  where  the  central  heating  system  is  dper- 
ated  by  The  Detroit  Edison  Company. 

In  1914,  the  heating  system  of  the  Murphy  Power  Company, 
serving  about  500.000  sc|.  ft.  of  radiation  in  the  business  district. 


FIG.   2.     CKOSS   SECTION   OF   TrXXRI.  SllOWlXG  TRUNK  MAIN   AND    KKKI)KR> 


was  taken  over  by  the  Edison  Company.  Since  the  Murphy 
Company's  boiler  plant  was  not  taken  over  with  the  system,  it 
became  necessary  to  feed  the  system  from  the  Park  Place  plant 
of  the  Edison  Company,  located  about  2,000  ft.  away.  This 
plant  supplies  live  steam  to  the  lulison  Company's  heating  sys- 
tem, and  the  addition  of  new  l)oilers  rendered  it  capable  of 
handling   the   increased   load. 

At  this  time  it  was  found  advisable  to  replace  the  trunk  dis- 
tributing main  of  the  ]\Iurphy  system  with  a  new  main,  and  a 
new  tunnel  was  constructed  directly  beneath  the  old,  and  about 
45  ft.  below  grade,  in  which  was  installed  a  new  20  in.  trunk 
main  with  18  in.  risers  connecting  with  the  surface  mains.     From 
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the  Park  Place  plant,  a  connecting  tunnel  was  constructed,  in 
which  were  installed  two  12  in.  "feeders,"  tying  into  the  trunk 
main  at  the  two  chief  centers  of  distribution,  as  shown  in  Fig.  1. 
Fig.  2  is  a  cross-section  of  the  tunnel  containing  the  trunk  main, 
the  two  feeders,  a  condensation  return  line,  and  a  high  pressure 
main  which  supplies  steam  for  cooking  and  laundry  purposes. 
This  trunk  tunnel  is  8  ft.  high  and  8  ft.  wide,  and  the  feeder  tun- 
nel is  (■)  ft.  high  and  fi  ft.  wide.  P)Oth  are  built  of  three  rings  jf 
brick,  witli  concrete  floors. 

The  Murphy  Company's  system  had  been  originally  designed 
to  operate  at  nearly  atmospheric  pressure  and  the  underground 
mains  were  of  low  pressure  construction.  The  new  piping  was 
therefore  arranged  with  the  idea  of  carrying  a  low  pressure  on 
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the  trunk  main  and  varying  the  pressure  on  the  12  in.  feeders  at 
the  plant  as  required,  in  order  to  maintain  a  constant  pressure 
on  the  trunk  main.  The  feeders  are  built  with  extra  heavy 
fittings  and  with  joints  of  the  "Crane-lap"  pattern.  The  con- 
nection of  one  of  the  feeders  with  the  trunk  main  is  shown  in 
Figs.  3  and  4.  The  diameter  of  the  feeder  is  gradually  increased 
by  means  of  the  special  taper  fittings,  in  order  to  reduce  the 
velocity  of  the  steam  before  it  makes  the  abru])!  turn  into  the 
trunk  main. 

The  success  of  such  an  arrangement  as  this  is  entirely  de- 
pendent upon  the  possibility'  of  having  at  the  plant  a  reliable 
and  continuous  indication  of  the  pressure  existing  at  the  remote 
end  of  the  feeders.  This  requirement  has  been  successful!}'  met  by 
the  use  of  the  recently  developed  electrical  long  distance  record- 
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ing  gauge.  This  instrument  comprises  a  transmitter  located 
at  the  point  at  which  the  pressure  is  to  be  measured,  and  a 
recorder,  similai'  in  appearance  to  the  ordinary  recording  instru- 
ment, located  on  the  gauge  board  at  the  plant.  Single  phase 
alternating  current  at  110  volts  is  used  to  operate  the  instrument. 
In  the  transmitter  the  deflection  of  an  ordinary  pressure  spring 
turns  the  transmitting  member  which  consists  of  two  solenoids 
mounted  on  pivots  and  moving  over  laminated  iron  cores.    A  similar 


FIG.  4.     VIEW   OF  TRUNK  TUNNEL  SHOWING  CONNECTION  OF  12-IN. 
FEEDER   WITP   TRUNK    MAIN 

member  in  the  recorder  is  magnetically  constrained  to  move  an  equal 
distance,  thereby  deflecting  the  pen  arm  proportionately.  The  in- 
strument is  illustrated  in  Fig.  .5.  Aside  from  some  trouble  caused 
by  the  extreme  conditions  of  heat  and  moisture  under  which  the 
transmitters  must  operate,  the  instruments  have  proven  quite  satis- 
factory. 

At  the  end  of  each  of  the  feeders  a  transmitter  is  installed  (see 
Fig.  4)  and  the  recorders  are  located  at  the  Park  Place  plant. 
The  pressure  on  the  trunk  main  is  maintained  at  about  6  lb.  at 
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all  times.  The  load  is  ordinarily  divided  about  equally  between 
the  two  feeders  and  the  pressure  on  the  feeders  at  the  plant  is 
varied  from  10  to  50  lb.  in  actual  practice.  In  moderate  weather 
only  one  feeder  is  used.  Fig.  6  shows  a  typical  chart  from  one 
of  the  long  distance  gauges.  The  heavy  black  lines  are  drawn 
at  the  5  and  7  lb.  marks  and  the  plant  engineers  are  instructed 
to  keep  the  pressure  within  these  limits.  With  a  pressure  at  the 
plant  of  50  lb.,  the  load  on  each  feeder  is  about  115, (XMI  lb.  of 
steam  per  hour,  with  a  velocity  of  16,000  ft.  pel  minute  near  the 
plant  and  54,000  ft.  per  minute  at  the  point  where  the  feeder  ties 
into  the  trunk  main.  On  a  few  occasions  a  load  as  high  as 
155,000  lb.  per  hour  has  been  carried  on*one  feeder,  giving  the 
very  high  velocity  of  75,000  ft.  per  minute  near  the  point  where 


FIG.  5. 


THE  LONG   DISTANCE  ELECTRIC   PRESSURE   RECORDING   (;.\UGE 


the  feeder  tics  into  the  trunk  main.  This  velocity  is  decreased 
10  27,000  ft.  per  minute  in  the  taper  fittings  illustrated  in  Fig.  3. 
Under  these  conditions  the  steam  is  superheated  about  60  deg., 
due  to  the  drop  in  pressure.  While  there  is,  of  course,  a  consider- 
able amount  of  noise  from  the  pipes,  there  is  no  excessive  vibra- 
tion and  there  seems  to  be  no  reason  why  the  feeders  could  not  be 
worked  to  their  full  capacity  if  necessary;  that  is,  with  boiler 
pressure  on  them  at  the  plant. 

Four  feeders  have  since  been  installed  in  other  parts  of  the 
Edison  Company's  heating  system,  operating  on  the  same  prin- 
ciple. They  are  shown  in  Fig.  7.  Feeders  A,  B  and  C  feed 
into  a  portion  of  the  system  upon  which  a  pressure  of  30  lb.  is 
maintained.  Each  is  provided  with  a  long  distance  gauge  and  the 
pressure  carried  on  them  at  the  plant  varies  from  35  to  80  lb. 
Feeder  C  is  in  a  tunnel  and,  in  addition  to  the  long  distance 
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gauge,  a  hydrostatic  pressure  line  is  brought  back  to  the  plant, 
serving  as  a  check  on  the  long  distance  gauge.  Feeder  D  was 
installed  to  supply  live  steam  to  the  lower  end  uf  the  upper 
portion  of  the  system,  v^hich  is  operated  at  exhaust  steam  pres- 
sures. The  pressure  on  the  18  in.  trunk  main  had  been  raised 
to  the  safe  working  limit  and  the  installation  of  this  12  in.  pipe 
obviated  the  necessity  of  enlarging  the  trunk  main.  None  ol 
these  feeders  are  loaded  up  to  full  capacity,  as  they  were  designed 
to  take  care  of  the  future  requirement  of  the  system,  which  is 
growing  at  the  rate  of  about  230,000  sf|.  ft.  of  radiation  per  year. 


FIG.  6.  TYPICAL  CHAKT  FROM  ONE  OF  THE  LONG  DISTANCE  GAUGES 


Besides  allowing  the  use  of  small  pipes,  it  is  evident  that  this 
method  of  feeding  steam  places  the  control  of  the  pressures 
throughout  the  system  in  the  liands  of  the  plant  engineers  and 
tends  to  increase  the  reliability  of  the  service  to  the  consumer — 
a  factor  of  increasing  importance. 

During  the  winter  of  1915-16,  some  tests  were  made  on  one  of 
the  12  in.  Murphy  feeders  with  a  view  to  checking  the  actual 
capacity  of  the  pipe  against  the  figures  computed  from  the  well 
known  formula  of  Unwin  : 

3.6 
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P  :=:  Drop  in  pressure,  lb.  per  sq.  in. 

W  =  Weight  of  steam  flowing,  lb.  per  minute. 

L  —  Length'  of  pipe,  ft. 

d  =  Diameter  of  pipe,  in. 

y  ■=L  Mean  density  of  steam,  lb.  per  cu.  ft. 
The  steam  flow  through  the  pipe  was  measured  with  a  General 
Electric  Company  flow  meter  of  the  RS-2  type,  equipped  with 
a  pressure  compensating  device.  This  meter  was  checked  several 
times  during  the  tests  with  a  meter  of  the  TS-3,  or  visible  mer- 
cury column  type,  attached  to  the  same  pitot  tube.  The  pressure 
at  four  points  along  the  1900  ft.  length  of  pipe  was  measured 
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FIG.   8.      PRESSURE   DROP   IN    12-IN.   FEEDER   FOR   VARIOUS   LOADS 


with  open  mercury  columns.  The  connections  to  these  mercury 
columns  were  taken  either  from  the  drip  connections  or  from 
openings  tapped  into  the  pipe  wall.  The  steam  temperature 
was  observed  at  two  points  with  mercury  thermometers  immersed 
in  mercury  wells  which  were  inserted  into  the  12  in.  pipe. 
Readings  were  taken  on  all  of  the  instruments  at  the  same 
mstant,  at  a  signal  given  by  flashing  the  lights  in  the  tunnel. 
The  amount  of  steam  flowing  was  varied  by  steps  and  several 
readings  were  taken  at  each  step.  The  steam  was  in  a  super- 
heated condition  at  all  points  in  the  pipe.  The  drop  in  pressure 
along  the  pipe  for  various  quantities  of  steam  flowing  is  illus- 
trated graphically  in  Fig.  8. 


Transmission  of  Steam  in  a  Central  Heating  System 


171 


The  values  for  IV,  the  steam  flow,  were  computed  by  means 
of  the  Unwin  formula,  from  the  pressure  drop  through  each 
section  of  the  pipe.  A  comparison  of  these  computed  results  with 
the  actual  steam  flow  as  read  from  the  steam  flow  meter  showed 
surprising  results,  the  computed  quantities  being  much  less  than 
the  actual  observed  quantities.  In  Fig.  9,  the  ratios  of  the  actual 
to  the  computed  steam  flow  are  shown  graphically.  These  points 
represent  the  results  of  about  seventy-five  sets  of  readings  taken 
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during  three  separate  tests.  It  will  be  noted  that  the  results  for 
the  successive  sections  of  the  pipe  for  each  quantity  of  steam 
flowing  are  in  fairly  close  agreement,  especially  at  the  higher 
rates  of  flow  where  the  pressure  drops  were  larger  and  the  effect 
of  the  errors  of  observation  were  consequently  reduced.  The 
tests  are  not  of  suf^cient  scope  to  warrant  an  attempt  at  revising 
the  formula,  but  they  certainly  indicate  the  necessity  for  further 
research. 

DISCUSSION 
J.  R.  McCoi.l:    I  should  like  to  ask  if  any  test  was  made  of  the 
quality  of  the  steam  at  the  beginning  of  the  main,  and  at  the  end  of 
the  main  ? 
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Ralph  Collamore  :  Have  any  observations  been  made  of  the 
drop  at  points  intermediate  between  the  station  and  the  20  in.  main 
referred  to? 

Prof.  J.  R.  Allen  :  I  would  like  to  ask  if  there  is  any  difficulty 
anticipated  in  the  wearing  of  pipe,  due  to  the  high  velocity,  the  same 
as  is  experienced  with  turbine  blades? 

The  Author:  Replying  to  Mr.  Collamore's  question,  perhaps  it 
might  be  well  to  discuss  these  tests  in  greater  detail. 

In  Fig.  8,  page  1  TO,  you  will  note  the  four  different  points,  marked 
A,  B,  C  and  D.  The  pressures  were  measured  at  these  points  with 
open  mercury  columns,  which  were  graduated  in  tenths  of  a  pound. 
Thermometer  wells  were  placed  at  the  points  B  and  C,  and  the  steam 
temperatures  w^ere  observed.  Starting  with  a  quality  of  steam  in  the 
boiler  header  about  9<S  per  cent  dry,  the  pressure  drop  through  the 
pressure  reducing  valve  causes  the  steam  to  become  slightly  super- 
heated at  that  point,  and  we  are  therefore  dealing  with  superheated 
steam  throughout  the  pipe.  The  steam  flow  was  measured  with  a 
General  Electric  flow  meter,  of  the  RS-2  type,  which  operates  on  the 
Pitot  tube  principle  and  consists  fundamentally  of  two  mercury  wells 
attached  to  a  beam  which  is  balanced  on  knife  edges.  This  meter 
was  checked  during  the  tests  with  a  meter  of  the  open  mercury- 
column  type  attached  to  the  same  Pitot  tube. 

Replying  to  Professor  Allen's  question  concerning  the  scouring 
effect,  the  thermometer  wells  were  made  of  steel  and  were  inserted 
in  the  pipe  directly  in  the  path  of  the  steam,  and  they  remained  in 
the  pipe  for  a  year;  when  we  took  them  out  they  still  showed  the 
marks  of  the  lathe  tool.  The  fact  that  we  are  dealing  with  super- 
heated steam  with  little  or  no  entrained  moisture  tends  to  lessen  the 
scouring  effect,  as  does  also  the  fact  that  the  steam  flows  in  parallel 
lines  and  does  not  impinge  on  the  pipe  wall  except  in  the  20  in. 
elbows  at  the  ends  of  the  feeders.  There  may  be  some  scouring 
effect  in  these  elbows.  Precaution  has  been  taken  to  reduce  the 
velocity  of  the  steam  before  it  makes  this  abrupt  turn  by  increasing 
the  pipe  diameter  from  12  in.  to  20  in. 

The  President  :  Do  I  understand  that  you  are  using  super- 
heated steam  for  heating  purposes  ? 

The  Author  :  We  generate  saturated  steam,  but  it  becomes 
superheated  due  to  the  pressure  drop  in  the  reducing  valve  and  along 
the  pipe.  It  varies  from  1  to  2  deg.  of  superheat  at  the  plant,  to 
about  60  deg.  at  the  point  where  the  feeders  tie  into  the  trunk 
main. 


No.  435 
EFFICIENCY  OF  UNDERGROUND  CONDUIT 

By  George  B.  Nichols,  Albany,  N.  Y. 
Member 

ON  account  of  the  lack  of  definite  information  in  the  various 
engineering  society  reports,  in  regard  to  the  efficiency  of 
underground  pipe  coverings,  this  paper  is  presented  to 
definitely  define,  and  to  standardize  the  method  of  arriving  at  the 
thermal  efficiency  of  the  various  classes  of  material  now  being 
used  for  the  covering  of  underground  heating  mains.  The  writer 
wishes  to  present  to  the  Society  certain  definitions  now  being 
used  in  practice  and  somewhat  generally  understood,  but  not 
yet  embodied  in  the  reports  of  any  of  the  engineering  societies ; 
also  to  describe  certain  tests  which  have  been  conducted  at  vari- 
ous heating  plants  in  the  institutions  of  the  State  of  New  York, 
installed  under  the  writer's  supervision. 

The  heat  losses  from  bare  pipe  in  still  air  have  been  determined 
by  numerous  investigators  under  various  dififerences  of  tem- 
perature between  outside  and  inside  of  pipe,  the  most  recognized 
of  whom  are  Dulong  &  Petit,  and  correction  factors  have  been 
offered  by  Dulong  &  Peclet,  etc.,  as  given  in  standard  hand  books, 
which  also  agree  very  closely  with  other  recent  investigations, 
such  as  those  carried  on  by  L.  B.  McMillan  at  the  University 
of  Wisconsin  and  presented  during  the  last  year  before  the 
American  Society  of  Mechanical  Engineers  (Vol.  37  of  the 
Transactions,  1915).  There  is,  therefore,  no  reason  why  the  loss 
from  bare  pipe  should  not  be  adopted  as  the  standard  on  which  ' 
the  efificiency  of  imderground  covering  should  be  based.  The 
thermal  efficiency  of  underground  pipe  insulation  can,  therefore, 
be  stated  as  follows : 

The  thermal  efificiency  of  an  underground  pipe  cov- 
ering is  the  ratio  of  the  saving  effected  by  the  insulation. 
to  the  loss  from  bare  pipes  under  similar  temperatures 
installed  in  still  air;  or,  in  other  words,  it  is  the  saving 
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of  heat  effected  by  insulation  over  what  the  same  area 
of  bare  pipe  would  lose  in  still  air  at  the  same  tem- 
perature difference,  this  being  expressed  as  a  percentage 
of  bare  pipe  loss. 

Hb  —  He 
The  above  expressed  in  a   formula  would  be :     Et=^ 


H^ 
Et  :=  the  thermal  efficiency  of  an  underground  pipe  covering; 
//b  =  the  loss  from  bare  pipe ; 

He  =  the  loss  from  covered  pipe,  the  conditions  of  tempera- 
ture difference,  etc.,  being  the  same  in  both  cases. 

On  account  of  the  large  amovnit  of  underground  construction 
now  being  installed  for  central  heating  plants,  careful  considera- 
tion should  be  given  to  the  efficiency  of  the  coverings,  which 
should  be  kept  as  high  as  is  practical,  in  order  to  reduce  the 
constant  losses  going  on  underground  as  much  as  possible. 
Numerous  writers  have  investigated  these  losses  from  central 
heating  plants  for  isolated  buildings  and  the  ratio  of  underground 
heating  surface  to  heating  surface  installed  inside  the  buildings 
is  approximately  25  per  cent.,  or  it  is  estimated  that  from  5  to  10 
per  cent,  of  the  output  from  a  central  heating  plant  is  lost  in 
radiation  from  underground  heating  mains. 

In  a  State  institution  investigated  by  the  writer,  the  amount 
of  underground  heating  mains  was  18  sq.  ft.  of  surface  per  inmate. 
With  an  efficiency  of  covering  of  90  per  cent,  and  a  heating 
season  of  200  days ;  with  a  population  of  3,000  inmates  and  coal 
at  $3.66  per  ton,  and  a  boiler  efficiency  of  approximately  70  per 
cent.,  the  total  loss  from  the  mains  would  amount  to  $1,900  per 
year — an  overhead  charge  of  63  cents  per  year  per  inmate,  or 
8/10  cent  per  year  per  square  foot  of  surface  installed  in  buildings. 

TYPES  OF  CONSTRUCTION 

At  the  present  time,  there  are  two  distinctive  forms  of  con- 
struction for  the  installation  of  underground  heating  mains: 

1.  Mains  installed  in  a  concrete  or  brick  walking  tunnel,  the 

pipes  being  installed  along  the  sides  of  the  tunnel,  on 
stanchion  supports,  with  the  usual  form  of  sectional  pipe 
covering  over  each  pipe  or  group  of  pipes ; 

2.  Mains  installed  in  some  form  of  waterproof  envelope,  with 

the  space  between  the  mains  and  the  outside  covering  filled 
with  some  form  of  insulating  material. 
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Numerous  forms  of  construction  have  been  devised  under  the 
second  head,  such  as : 

a.  Installing  the  mains  on  supports  inside  of  split  tile  conduit, 
filling  the  space  between  the  pipes  and  the  tile  conduit  with 
some  form  of  insulating  material ; 

b.  Installing  the  mains  in  some  form  of  small  concrete  or  brick 
box,  and  filling  the  inside  space  with  loose  insulating  material 
or  installing  sectional  covering  over  the  pipes; 

c.  Installing  around  the  pipe  some  form  of  tin  covering,  then 
a  laver  of  insulating  material,  over  which  is  installed  sectional 
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wood  covering,  the  whole  being  held  together  with  spiral  wire 
bands  and  covered  with  some  form  of  waterproofing ; 

d.  Installing  the  mains  directly  in  the  ground,  and  covering 
them  with  layers  of  sectional  covering  with  broken  joints,  the 
covering  being  impregnated  with  some  form  of  waterproofing. 

In  determining  the  best  form  of  construction  to  use  for  any 
particular  piece  of  work,  the  following  points  should  be  con- 
sidered:  1.  Cost  of  construction;  2.  Life  of  construction; 
3.  Thermal  efficiency  of  covering;  4.  Accessibility  for  repairs; 
5.  Does  form  of  installation  minimize  number  of  repairs?  6.  Is 
the  annual  upkeep,  including  interest  on  the  investment  and 
depreciation,  at  a  minimum?  7.  Water  being  most  detri- 
mental to  a  covering,  will  the  proposed  covering,  therefore,  per- 
manently keep  out  the  moisture  in  the  ground? 
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In  selecting,  therefore,  a  container  for  a  heating  main,  the 
first  decision  that  must  be  made  is,  shall  the  main  be  installed  in 
a  walking  tunnel  or  in  some  form  of  close  confining  conduit.  If 
there  are  a  large  number  of  mains,  such  as  six  pipes  of  consider- 
able size,  it  would  probably  be  advisable  to  install  these  pipes 
in  some  form  of  brick  or  concrete  walking  tunnel.  Walking 
tunnels  of  this  nature  are  in  general  6  ft.  high  by  5  ft.  wide, 
although  these  dimensions  can  be  varied  to  suit  conditions.  Such 
a   tunnel   waterproofed   with   the   usual   waterproofing  will   run 
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approximately  $20  per  running  foot,  not  including  any  pipe  sup- 
ports, pipe  or  covering.  Tunnels  smaller  than  this  have  been 
installed,  but  on  account  of  their  cramped  interior,  rendering  it 
very  difficult  to  make  repairs  in  same,  and  as  it  is  almost  impos- 
sible to  enter  when  a  large  leak  occurs  without  shutting  down  the 
entire  system  for  a  considerable  period,  small  tunnels  should 
not  be  recommended. 

In  considering  tunnel  construction,  some  thought  should  be 
given  to  the  varying  temperature  conditions  throughout  the 
length  of  the  tunnel,  due  to  the  opening  of  manholes  causing 
leaks,  the  shifting  air  from  the  tunnel  itself  probably  causing 


Efficiency  of  Underground  Conduit 


177 


178 


Efficiency  of  Underground  Conduit 


more  contraction  and  expansion  than  is  met  with  in  close  confined 
conduits.  Therefore,  unusual  care  should  be  taken  in  providing 
for  proper  expansion  of  the  pipes.  The  usual  forms  of  toggle 
joints  and  expansion  joints,  or  devices  which  are  liable  to  leak, 
however,  should  be  avoided  as  much  as  possible.  In  the  instal- 
lation of  tunnels,  the  entire  length  should  be  hermetically  sealed 
as  far  as  possible  so  as  to  avoid  cold  air  entering  at  low  points 
and  leaving  at  high  points  of  construction.  This  is  particularly 
noticeable  where  a  walking  tunnel  rises  abruptly  into  an  elevated 
building,  forming  a  chimney  effect  which  draws  cold  air  in 
through  openings  at  the  low  points  and  discharging  hot  air  into 
the  basement  where  the   tunnel   enters  the  building  on   higher 
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elevation.  This  movement  of  air  undoubtedly  causes  an  exces- 
sive amount  of  heat  loss  and  it  is  to  be  recommended  that  all 
openings  where  the  tunnel  enters  buildings  should  be  per- 
manently closed  either  with  a  brick  structure  or  a  tight  door. 
It  has  been  suggested  by  some  engineers  that  tunnels  should 
be  closed  by  a  series  of  doors  at  uniform  distances. 

In  a  number  of  cases,  the  writer  has  discovered  that  tunnels 
have  been  constructed  with  permanent  ventilators,  such  as  raising 
of  manhole  covers  with  openings  on  the  sides.  This  practice 
should  not  be  adhered  to  under  any  condition. 

If  the  second  form  of  construction,  namely,  enclosing  the  con- 
duit in  some  form  of  waterproof  covering  and  filling  the  inter- 
vening space  with  insulating  material,  is  selected,  the  cost  of 
such  a  construction  will  probably  run  at  least  one-third  of  that  of 
tunnel  construction.     The  thermal  efficiency  of  such  a  covering 
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would  probably  be  higher  than  that  of  a  tunnel  construction, 
with  the  prevailing  forms  of  sectional  covering  on  the  mains. 
The  amount  of  repairs  for  such  a  system  will  be  at  a  minimum 
if  the  pipes  are  properly  installed.  In  fact,  the  number  of  breaks 
in  such  a  system  is  very  small  and  the  amount  of  work  involved 
in  making  such  repairs  is  very  little,  the  difference  in  cost  over 
tunnel  construction  more  than  taking  care  of  the  labor  of  exca- 
vating the  conduit  to  make  repairs. 

The  argument  has  been  raised  that  if  a  steam  leak  occurred 
during  extreme  cold  weather,  when  the  ground  was  frozen,  that 
repairs  on  such  a  system  would  be  very  difficult.  Upon  investi- 
gating this  subject,  it  is  found  that  this  is  an  erroneous  assump- 
tion, as  the  temperature  of  the  ground  around  a  heating  conduit 
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is  SO  high  under  actual  conditions  that  the  freezing  of  the  ground 
around  the  conduit  never  occurs  and.  therefore,  it  is  as  easy 
to  make  repairs  in  the  winter  time  as  it  is  in  the  summer,  unless 
the  conduit  is  buried  exceedingly  deep,  which  is  very  unusual. 

All  are  probably  familiar  with  the  claims  of  the  various  conduit 
manufacturers  that  their  conduit  when  installed  does  not  melt 
the  snow  ofif  of  the  ground.  This  is  very  deceiving,  as  the  conduit 
continually  gives  off  heat  to  the  surrounding  ground  and  the' 
amount  of  snow  melted  depends  on  the  atmospheric  temperature. 
If  the  temperature  is  close  to  freezing,  undoubtedly  snow  will  be 
melted  under  any  present  form  of  installation.  If,  however,  the 
temperature  is  considerably  below  freezing,  the  heat  which  is 
being  given  off  just  the  same,  is  not  sufficient  to  melt  the  snow. 

The  writer  had  occasion  to  investigate  the  cost  of  underground 
walking  tunnels  as  compared  with  split  tile  conduit  construction, 
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filled  with  one  of  the  better  forms  of  insulating  material,  with 
underdrain  for  keeping  the  water  out  of  the  conduit,  and  it  was 
found  that  the  cost  of  the  installation  of  the  heating  main,  includ- 
ing the  tile  conduit  and  insulating  material,  was  practically  the 
same  as  installing  the  same  main  inside  a  walking  tunnel,  with 
the  usual  form  of  sectional  pipe  covering  and  pipe  supports,  not 
including  the  cost  of  the  walking  tunnel.  Therefore,  for  this 
installation,  on  the  bids  as  received  under  these  two  styles  of 
construction,  the  cost  of  the  walking  tunnel  was  $20  per  running 
foot  more  than  the  tile  construction. 


TESTS 


The  writer  has  had  occasion  to  investigate  the  thermal  effi- 
ciency of  the  two  conduits  of  standard  construction.  The  follow- 
ing results  of  tests  are  not  given  as  a  comparison  of  the  materials 
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FIG.  6.     RESULTS   OF  THE  GROUND  TEMPERATURE  TESTS  AT  MANHATTAN 

STATE  HOSPITAL 

of  the  two  installations,  as  a  great  deal  depends  on  the  manner  of 
installing  same,  but  are  simply  given  to  show  the  average  efficiencies 
that  can  be  expected  from  such  installations  and  the  methods  that 
ran  be  followed  in  testing  such  installations,  the  thermal  efficiency 
simply  depending  on  the  thickness  of  the  insulating  material  sur- 
rounding the  pipe  and  the  insulating  quality  of  the  material. 

Two  tests  were  conducted,  one  at  Central  Islip  State  Ho>^- 
pital.  Long  Island,  N.  Y.,  and  one  at  Manhattan  State  Hospital, 
Ward's  Island,  N.  Y.  A  block  plan  of  each  installation  is  shown 
in  Figs.  1  and  2. 

The  method  of  test  at  each  installation  was  as  follows :  All 
lines  were  disconnected  at  both  ends ;  one  of  the  heating  mains 
inside  of  the  conduit  was  selected  for  test,  the  remaining  pipes 
being  dead  ;  hourly  readings  were  then  taken  of  tine  condensation 
from  this   selected   pipe,   readings   not  starting  until   the  tempera- 
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tures  inside  of  the  conduit  had  become  constant ;  the  readings 
were  taken  in  the  presence  of  the  contracting  parties  for  both 
installations,  representatives  of  various  manufacturers  being 
called  in  to  witness  same,  so  that  the  results  as  tabulated  can  be 
vouched  for  as  to  their  accuracy. 

All  connections  were  made  as  shown  in  Figs.  3  and  -i  and  may 
be  summarized  as  follows :  Steam  was  turned  into  the  line  at 
the  highest  point  through  a  reducing  pressure  valve  and  steam 
separator,  so  that  the  pressure  in  the  line  could  be  held  constant. 

TABLE  1.     TEST  OF  INSULATION  OF  PIPES  IX  UNDERGROUND 

CONDUIT 
Ckntral   IsLiP   State  Hospital.   Central  Islip,   N.   Y. 


Date  of  test September  6, 1916 

Weather  Fair 

Duration  of  test,  hours 5 

Length  of  time  through  which  condensation  was  weighed,  hours 3 

Average  barometer  pressure,  inches   30.2 

Average  temperature  outdoors,  deg.  fahr 75.1 

.Average  temperature  boiler  room,  deg.  fahr 87.0 

Average  temperature  expansion  chamber,  deg.  fahr 93.7 

Temperature  of  ground,  deg.  fahr.,  100  ft.  from  conduit 66 

Steam  pressure,  lb.  gauge    45 

Steam  pressure,  lb.  absolute 59.8 

Steam  temperature,  deg.  fahr 292.5 

Quality  of  steam  supplied,  per  cent 99.6 

Total  weight  of  water  collected,  lb 144.6 

Total  weight  steam  condensed,  lb 144.02 

B.t.u.  loss  per  pound  of  steam  condensed 915.2 

B.t.u.  loss  per  hour    43936.0 

B.t.u.  loss  per  hour  from  piping  not  in  conduit   ~ 13232.35 

B.t.u.  loss  per  hour  from  main  in  conduit    30703.65 

Square  feet  of  main  in  conduit 832.6 

B.t.u.  loss  per  sq.  ft.  per  hour  from  main  in  conduit  36.87 

B.t.u.  loss  per  sq.  ft.  per  hour  from  bare  pipe  in  still  air 459.7 

(Petit  and  Du  Long  Tables) 

B.t.u.  per  sq.  ft.  per.  hr.  bare  pipe  —  B.t.u.  per  sq.  ft.  per  hr. 

pipe  in  conduit 

EflF.  = =  91.9 

. B.t.u.  loss  per  sq.  ft.  per  hr.  bare  pipe 

Inserted  at  the  point  of  entrance  of  the  steam,  was  a  pressure 
gauge  and  a  calorimeter  for  determining  the  pressure  .'ind  f|ualitv 
of  the  steam  at  entrance.  At  the  other  end  of  the  conduit,  cour 
nections  were  made  so  that  the  water  line  could  be  held  at  con- 
stant level  below  the  stearti  line  and  condensation  discharged 
through  a  hand  valve  into  a  retainer  continually  standing  on  a 
platform  scale,  the  hand  valve  being  manually  adjusted,  so  as  to 
hold  constant  level  in  the  water  glass  inserted  below  the  level  of 
the  steam  main  under  test.  At  this  end  of  the  steam  main,  there 
was  also  connected  a  small  pet  cock  which  was  slightly  cracked 
open  to  allow  any  air  that  might  lodge  in  the  pipe  to  escape. 
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GROUND  TEMPERATURE  TEST 

While  the  condensation  test  was  being  conducted  a  study  was 
made  of  the  temperature  conditions  of  the  ground  adjacent  to  the 
conduit.  Borings  were  made  at  varying  distances  from  the  con- 
duits, in  which  thermometers  were  located.  The  results  of  these 
investigations  are  shown  in  diagrams,  Figs.  5  and  6,  which 
indicate  that  the  ground  is  affected  to  a  considerable  distance 
from  the  conduit. 

TABLE  3.     TEST  OF  INSULATION  OF  PIPES  IN  UNDERGROUND 

CONDUIT 

Manhattan  State  Hospit^,  Ward's  Island,  New  York 

Date  of  test September  18,  1916 

Weather Showers 

Duration  of  test,  hours  3 

Average  temperature  outdoors,  deg.  fahr 64.8 

Average  temperature,  Nurses'  Home,  deg.  fahr 77.0 

Average  temperature,  Bowling  Alley,  deg.  fahr 74.5 

Temperature  of  ground,  deg.  fahr 66.0 

Average  steam  pressure,  lb.  gauge 33.7 

Steam  temperature,  deg.  fahr 279.02 

Quality  of  steam  supplied 98.47 

Total  weight  of  water  collected,  lb 47.7 

Total  weight  of  steam  condensed,  lb 46.97 

B.t.u.  lost  per  lb.  of  steam  condensed  924.9 

B.t.u.  lost  per  hour 14480.85 

B.t.u.  lost  per  hour  from  piping  not  in  conduit 1347.7 

B.t.u.  lost  per  hour  from  piping  in  conduit 13133.15 

Square  feet  of  main  in  conduit 181.13 

B.t.u.  loss  per  sq.  ft.  per  hour  of  main  in  conduit  72.5 

B.t.u.  loss  per  sq.  ft.  per  hour  from  bare  pipe  in  still  air 450.34 

(Petit  and  Du  Long  Tables) 

B.t.u.  per  sq.  ft.  per  hr.  bare  pipe  —  B.t.u.  per  sq.  ft.  per  hr. 

pipe  in  conduit 

EflF.  = ; =  83.9 

B.t.u.  loss  per  sq.  ft.  per  hr.  bare  pipe 


RESULTS    OF   TESTS 

The  results  of  the  tests  may  be  summarized  as  follows : 

The  method  of  test  is  a  proper  one  to  employ  and  can  be 
arranged  for  on  any  conduit  installation. 

The  efficiency  of  the  insulating  material  as  installed  is  for 
Central  Islip  test  9L9  per  cent,  and  for  Ward's  Island  test  83.9 
per  cent. 

As  both  of  these  conduits  had  been  in  service  for  a  considerable 
period,  one  of  which  was  about  a  year,  I  believe  that  the  efficiency 
will  change  but  little  for  the  life  of  the  conduit,  providing  no 
serious  steam  breaks  occur. 
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DISCUSSION  ■ 

J.  H.  Walker  :  The  method  of  computing  efficiency  with  the  heat 
loss  from  bare  pipe  in  air  as  a  basis  should  be  used  with  care,  be- 
cause, when  you  stop  to  think  of  it,  the  theoretically  correct  way  is 
to  compare  the  heat  loss  from  the  covered  pipe  with  that  from  bare 
pipe  underground  under  the  same  soil  conditions.  A  committee  of 
the  National  District  Heating  Association  recommended  in  a  report 
last  year  this  other  basis  as  the  proper  one  for  computing  efiiciency, 
although  of  course  in  some  cases  it  is  both  difficult  and  expensive  to 
determine  the  heat  loss  from  bare  pipe  underground. 

The  method  suggested  in  this  paper  might  sometimes  work  an  in- 
justice upon  the  underground  covering,  as  it  does  not  take  into 
account  the  soil  conditions.  This  morning  I  saw  some  work  where 
the  mains  are  being  installed  below  tide  water  level,  where  they  will 
be  always  under  water.  The  efficiency  of  this  covering,  if  computed 
on  the  basis  suggested,  would  be  very  low — much  lower  than  if  com- 
puted on  the  theoretically  correct  basis. 

Another  point,  in  regard  to  the  ventilation  of  tunnels.  The  state- 
ment is  made  that  permanent  ventilation  should  not  be  provided.  Our 
experience  in  Detroit  does  not  bear  this  out.  We  have,  in  all,  about 
two  miles  of  tunnels  and  have  found  it  absolutely  necessary  to  ven- 
tilate them  as  we  always  have  men  working  in  them  or  patrolling 
them.  We  have  never  had  cases  where  leaks  have  been  caused  by 
the  ventilation. 

The  remainder  of  the  data  in  the  paper  agrees  very  well  with  our 
experience  in  Detroit. 

Prof.  J.  R.  Allen  :  I  want  to  corroborate  what  Mr.  Walker  has 
said.  We  have  been  experimenting  with  pipes  underground,  and  if 
you  compare  covered  pipes  underground  with  bare  pipes  in  the  air, 
it  is  possible  to  get  100  per  cent  or  better,  because  a  bare  pipe  under- 
ground does  not  condense  as  much  steam  as  a  bare  pipe  in  the  air. 
In  fact,  if  you  bury  a  pipe  deep  enough,  you  will  not  need  any  cover- 
ing at  all,  as  the  ground  will  be  sufficient  insulation. 

L.  B.  McMillan^  :  I  wish  to  compliment  the  Author  on  the  very 
excellent  paper  he  has  prepared  on  a  subject  which  has  received 
entirely  too  little  discussion.  Many  tests  have  been  made  and  many 
papers  written  of  the  efficiencies  of  insulating  materials  in  general, 
but  in  them  the  efficiencies  of  underground  steam  distributing  sys- 
tems have  not  received  the  consideration  they  deserve. 


•  Engineer,   IT.   W.  JolinsManville  Co.,   New  York,  N.  Y. 
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I  had  the  pleasure  of  being  present  at  the  tests  mentioned  in  this 
paper  and  observed  the  precautions  that  were  taken  to  secure  accu- 
rate results.    Therefore  I  am  confident  that  the  results  are  reliable. 

The  Author  has  spoken  in  his  introductory  remarks  of  being 
familiar  with  other  tests  than  those  mentioned  in  this  paper.  It 
would  be  interesting  to  know  whether  in  any  of  these  tests  the 
insulating  material  was  diatomaceous  earth  and,  if  so,  what  insulat- 
ing value  this  material  showed. 

The  part  of  the  paper  in  which  the  Author  takes  up  the 
standardization  of  methods  for  obtaining  thermal  efficiency  is  timely 
and  important.  At  the  present  time  engineers  are  more  and  more 
inclined  to  ask  for  definite  information  as  to  efficiency  when  buying 
insulation.  Therefore,  it  is  very  important  that  a  clear  conception  of 
just  what  is  meant  by  the  term  Efficiency,  should  be  had  by  everyone 
concerned. 

There  are  a  number  of  definitions  of  efficiency  other  than  that  ex- 
plained by  the  Author  in  his  paper  and  for  that  reason  it  is  desirable 
to  select  one  of  them  as  a  standard.  Mr.  Walker  and  Prof.  Allen 
in  their  discussions  have  called  attention  to  some  of  the  other  con- 
ceptions of  efficiency,  but  I  am  strongly  inclined  to  favor  the  Author's 
definition. 

After  all,  the  best  way,  from  a  purely  scientific  point  of  view,  to 
compare  insulations  is  to  compare  directly  the  losses  of  heat  through 
them.  However,  the  average  man  would  not  know  without  a  consid- 
erable study  of  the  subject  whether  a  reasonable  loss  of  heat  per 
square  foot,  per  degree  difference  in  temperature,  per  hour,  should  be 
one  B.t.u.  or  1/10  of  a  B.t.u.  On  the  other  hand,  it  is  at  once  appar- 
ent that  an  efficiency  of  50  per  cent  is  rather  low,  or  an  efficiency 
of  95  per  cent  is  very  good  and,  therefore,  it  seems  that  the  better 
method  of  comparing  insulations  would  be  on  this  percentage  basis 
because  of  the  fact  that  it  shows  at  once  what  a  given  insulation  is 
accomplishing. 

If  then  the  bare  pipe  loss  is  to  be  used  as  a  standard  with  which  the 
losses  from  insulated  pipes  are  compared,  I  agree  with  the  Author 
that  for  this  purpose  the  bare  pipe  loss  should  be  determined  under 
reasonably  fixed  conditions,  as  for  example,  in  still  air  at  TO  deg. 

On  the  other  hand,  it  seems  very  reasonable  to  compare  the  loss 
from  insulated  pipes  with  the  loss  from  bare  pipes  under  exactly  the 
same  condition,  that  is,  buried  in  the  soil  in  the  case  of  underground 
piping.  However,  this  is  not  a  workable  sort  of  a  conception  of 
efficiency,  because  it  is  not  possible  to  test  the  bare  pipe  under  all 
the  different  conditions  of  soil  that  would  be  met  with  in  practice. 
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Another  conception  of  efficiency  which  should  be  eliminated  is  that 
efficiency  is  the  percentage  of  total  steam  that  is  delivered  dry  at  the 
end  of  the  pipe.  This  is  a  good  definition  of  the  term  in  an  engineer- 
ing sense,  it  is  true,  but  it  is  not  suitable  for  use  in  comparing  insula- 
tions because  with  a  given  insulation  the  efficiency  might  vary  from  0 
to  almost  100  per  cent  depending  upon  the  quantity  of  steam  flowing. 
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The  weight  of  steam  in  this  case  is  such  a  big  factor  and  the  loss  may 
be  so  small  in  comparison  that  large  differences  in  insulating  value 
might  produce  hardly  perceptible  differences  in  efficiency. 

If  the  bare  pipe  loss  is  used  as  a  basis  for  com])aring  insulations, 
the  chart  shown  in  Fig.  7  will  be  found  useful  as  it  gives  the  results 
of  tests  on  bare  pipe  at  difTferent  temperatures  by  many  different 
investigators.  A  difference  of  several  percent  may  be  made  in  the 
efficiency  of  a  given  insulation  if  it  is  calculated  using  the  higher 
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values  given,  or  using  the  lower  values.  Therefore,  it  is  important 
that  the  source  of  data  on  bare  pipe  losses  be  understood  when 
efficiencies  are  mentioned.  However,  the  values  in  the  center  of  the 
chart  agree  so  closely  that  only  very  small  differences  in  efficiency 
would  result  from  the  use  of  different  ones. 

Below  are  given  references  where  the  data  referred  to  may  be 
consulted : 

Massachusetts  Institute  of  Technology.  Prof.  Marks'  Mechanical  Engineer's 

Hand- Book. 
Geo.  H.  Barrus,  Transactions,  A.  S.  M.  E.,  Vol.  23,  page  791. 
Geo.  M.  Brill,  Transactions,  A.  S.  M.  E.,  Vol.  16,  page  827. 
Chas.  Eberle,  Verein  Deutscher  Ing.     (Mit.  uber  Forschungs-Arbeiten  auf 

dem  Geb.  des  Ing.,  Heft  78). 
Prof.  C.  L.  Norton,  Transactions,  A.  S.  M.  E.,  Vol  19,  page  729. 
Thomas  Box  (Peclet-Dulong)  Kent's  Hand-book. 
L.  B.  McMillan,  Transactions,  A.  S.  M.  E..  Vol.  37,  page  921. 

Wm.  H.  Wells^  :  For  a  number  of  years  we  have  given  consider- 
able attention  to  testing  the  relative  efficiency  of  various  forms  of 
insulation  for  underground  steam  mains  and  I  should  like  to  make  a 
few  remarks  with  reference  to  the  methods  of  making  tests. 

The  conclusion  we  have  reached  after  conducting  approximately  a 
thousand  tests  of  various  types  and  forms  of  insulating  materials  is 
that  all  such  tests  should  be  made  using  steam  pipes  of  uniform 
diameter  and  length.  Our  tests  have  in  all  cases  been  made  with 
wrought  iron  pipe,  6  in.  in  diameter  and  60  ft.  in  length,  the  outside 
surface  of  the  pipe,  including  couplings  and  caps,  amounting  to  a 
trifle  over  105  sq.  ft. 

It  is  our  practice  to  test  four  such  steam  lines  simultaneously — 
each  steam  line  being  covered  with  a  different  type  or  form  of  in- 
sulating material.  In  order  to  insure  that  the  relative  efficiency  of 
the  various  types  of  material  under  test  may  be  definitely  ascertained, 
we  include  in  each  test  one  line  of  steam  pipe  insulated  with  a 
standard  type  and  form  of  insulation  to  which  the  results  obtained 
on  the  other  three  lines  tested  may  be  referred.  By  adopting  this 
method  the  relative  efficiency  of  all  the  materials  tested  during  a  pe- 
riod of  a  number  of  years  may  be  determined,  as  the  results  obtained 
with  any  form  of  insulation  may  in  all  cases  be  compared  with  the 
results  obtained  on  the  standard  line  tested  at  the  same  time  and 
under  identical  conditions. 

The  four  lines  under  test  are  spaced  about  4  ft.  apart  and  located 
about  4  ft.  above  the  floor.  Twenty  thermometers  are  used  for 
ascertaining  the  temperature  of  the  atmosphere  surrounding  each 
line.     Three  steam  thermometers  and  two  steam  pressure  gauges 

'President,  American   District   Steam  Co.,  North  Tonawanda,  N.   Y. 
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also  are  used  on  each  line  tested.  The  readings  from  all  these  instru- 
ments are  recorded  each  hour;  the  amount  of  steam  condensed  in 
each  test  line  is  also  weighed  and  recorded  at  the  same  time. 

These  records  are  carefully  made  for  eight  hours  in  each  24 
hours  of  the  test.  During  the  next  succeeding  16  hours,  like  condi- 
tions as  far  as  possible  are  maintained,  but  the  only  record  taken  is 
the  weight  of  steam  condensed  during  the  16  hours.  If  this  weight 
proves  to  be  in  proportion  to  the  amount  condensed  during  the 
preceding  eight  hours  the  weight  is  recorded  and  the  first  24  hours 
of  the  test  is  finished.  The  same  care  is  exercised  during  the  next 
succeeding  24  hours  and  if  like  results  are  obtained  the  tests  on  the 
four  lines  under  consideration  are  considered  complete. 

All  tests  are  made  with  steam  superheated  from  1  to  3  deg.  fahr. 
above  the  temperature  of  saturated  steam  at  the  pressure  maintained 
during  the  test. 

With  regard  to  the  test  which  forms  the  subject  of  the  paper  under 
discussion,  it  would  seem  to  be  difficult  to  get  a  definite  idea  of  the 
relative  efficiency  of  the  two  types  of  tunnels,  for  it  appears  that  the 
insulation  around  the  steam  pipes  was  not  the  same  in  the  two 
tunnels. 

Our  experience  is  that  a  tunnel  or  conduit  is  valuable  principally 
as  a  physical  protection  for  the  insulation  on  a  steam  line  and  not  as 
an  insulator  itself.  If  you  employ  a  covering  of  85  per  cent  mag- 
nesia, 2  in.  thick,  you  will  get  an  insulating  efficiency  of  about  84  per 
cent.  This  efficiency  is  higher  than  that  shown  in  one  of  the  tests 
discussed  in  the  paper.  With  an  air  cell  covering  of  the  same  thick- 
ness, you  will  get  about  87  per  cent  efficiency,  and  with  an  asbestos, 
covering  2  in.  thick  about  70  per  cent. 

There  is  little  difference  in  the  efficiency  in  any  of  these  coverings 
with  steam  pressures  varying  between  5  lb.  and  50  lb.,  and  a  slight 
increase  only  in  efficiency  is  obtained  by  surrounding  the  insulation 
with  a  conduit  or  placing  it  in  a  tunnel. 

With  an  air  cell  covering  2  in.  thick  around  the  steam  pipe  and 
surrounded  by  a  conduit  composed  of  hollow  tile  4  in.  thick,  an  _ 
efficiency  of  about  89  per  cent  would  be  obtained.  If  a  conduit 
composed  of  concrete  of  the  same  thickness  be  substituted  for  the 
conduit  composed  of  hollow  tile,  the  total  efficiency  of  the  insulation 
will  be  decreased  slightly,  or  approximately  1  per  cent,  but  in  all 
cases  the  efficiency  of  the  system  will  depend  on  the  insulation  that 
is  used  rather  than  on  the  conduit  or  tunnel,  and  I  think  it  would  be 
found  that  if  the  two  steam  lines  which  form  the  subject  of  this 
paper,  were  transferred  bodily  with  their  insulation  each  to  the  other 
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conduit  or  tunnel  the  efficiency  of  the  insulation  shown  in  each  case 
would  be  the  same  for  each  line,  as  has  been  shown  in  the  tests  al- 
ready made,  and  these  efficiencies  would  not  be  materially  affected  by 
the  transfer  of  either  line  to  the  other  type  of  conduit  or  tunnel. 

Chas.  a.  Fuller  :  In  reference  to  the  figure  of  $20  per  running 
foot,  given  on  page  176,  as  the  cost  of  a  walking  tunnel  over  the  cost 
of  a  conduit,  I  had  occasion  recently  to  obtain  figures  on  underground 
piping  and  compare  them  with  the  cost  of  a  walking  tunnel  approxi- 
mately of  the  size  given  in  the  paper.  I  found  that  the  tunnel  was 
cheaper  than  the  conduit  even  when  the  cost  of  85  per  cent  mag- 
nesia for  the  pipes  was  included  in  the  tunnel  cost.  I  should  like  to 
know  what  form  of  construction  was  used  in  order  to  arrive  at  this 
price. 

The  Pre.sident:  I  should  like  to  ask  the  Author  if,  in  the  course 
of  making  his  calculations  on  page  174,  where  he  gives  the  cost,  or 
the  loss  in  dollars  and  cents  from  the  mains  in  this  installation  as 
$1,900  per  year,  he  made  any  calculations  as  to  what  it  would  cost  to 
have  isolated  plants  in  each  building,  and  could  they  have  done  away 
with  the  tunnel  work  ?  Would  it  have  cost  more  for  attendance,  and 
handling  of  coal  and  ash,  etc.,  with  individual  plants  than  the  figures 
given  ? 

Prof.  J.  R.  Allen  :  In  regard  to  the  cost  of  tunnels,  I  have  built 
some  tunnels,  and  I  have  never  had  to  pay  such  a  price  as  this.  Of 
course,  conduits  vary,  and  it  is  hard  to  figure  exact  costs,  but  my 
costs  per  foot  for  tunnels  of  this  kind  are  usually  about  $10.00. 

J.  R.  McColl:  Some  years  ago  there  was  a  "thumb  rule"  in 
estimating  the  cost  of  street  mains,  including  under-drainage  and 
repaving  to  figure  $1.00  per  foot  for  each  inch  of  diameter  of  the 
steam  pipe.  For  instance,  for  a  -1  in.  pipe,  we  would  figure  $4.00 
per  foot.     I  should  like  to  know  whether  that  holds  good  now  ? 

On  this  question  of  heat  loss,  I  take  it  that  these  bare  pipe  tests 
are  made  from  dead-end  pipes,  with  no  appreciable  flow  of  steam 
through  the  pipes,  whereas  in  ordinary  steam  mains,  we  have  a  more 
or  less  rapid  flow  of  steam,  sometimes  as  high  as  75,000  ft.  per 
min.,  as  indicated  by  Mr.  Walker's  paper,  and  at  a  drop  in  pressure 
of  50  to  60  lb.  In  that  rate  of  flow  and  drop,  we  have  a  superheat 
of  50  or  60  deg.,  showing  any  initial  moisture  in  the  steam  has  been 
evaporated.  If  we  were  to  take  the  condensation  from  the  main 
header  through  which  the  steam  is  flowing  under  varying  conditions 
of  quality  and  pressure  and  take  that  as  a  measure  of  standard  loss, 
I  feel  that  we  would  be  in  error.     I  was  wondering  whether  the 
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Author  had,  for  long  supply  mains,  made  any  tests  of  the  amount  of 
possible  change  in  the  quality  of  the  steam,  considering  re-evapora- 
tion? 

J.  H.  Walker:  In  answer  to  Mr.  McColl,  the  present  type  of 
underground  construction  used  in  Detroit,  consists  of  a  4  in.  con- 
crete envelope  of  a  square  cross  section,  poured  around  a  wooden 
form  built  over  the  pipe.  The  pipe  is  insulated  with  a  standard 
thickness  of  covering.  The  rule  of  thumb  of  $1.00  per  "foot-inch" 
if  I  may  express  it  that  way,  is  true  for  pipes  about  6  in.  or  8  in.,  but 
below  that  point  the  cost  is  more ;  for  example  with  a  4  in.  pipe,  the 
cost  is  nearly  $5.00,  because  a  trench  must  be  dug  as  wide  for  a  4  in. 
pipe  as  for  a  6  in.  pipe.  There  are  other  factors  that  do  not  vary 
directly  with  the  pipe  diameter. 

These  costs  are  based  on  construction  work  done  previous  to  this 
year.  Construction  this  year,  and  in  future  years,  will  show  costs 
higher  than  these  because  of  the  great  increase  in  the  cost  of  labor. 

The  Author  :  I  would  reply  to  the  various  questions  raised  as 
follows : 

One  of  the  speakers  mentioned  a  preference  for  a  comparison 
standard  on  which  to  base  the  efficiency  of  bare  pipe  in  earth  over 
bare  pipe  in  still  air.  I  believe  it  would  be  unwise  to  use  as  a  standard 
for  comparison  bare  pipe  in  a  varying  material  such  as  earth  where 
the  conductivity  of  same  varies  materially  for  dififerent  soils  and 
with  the  amount  of  moisture  present.  Still  air  is  a  uniform  sub- 
stance and  therefore  it  would  be  better  to  use  a  pipe  bare  in  still  air 
as  a  standard,  particularly  as  this  standard  has  already  been  adopted 
for  other  forms  of  insulating  material. 

The  question  was  brought  up  of  an  efficiency  greater  than  100 
per  cent.  I  believe  that  the  speaker  has  become  somewhat  confused 
with  the  idea  of  a  pipe  installed  in  water  in  which  a  negative  efficiency 
might  be  figured.  Water,  however,  is  not  an  insulating  material  and 
therefore  has  no  bearing  on  the  subject. 

On  the  question  of  the  duration  of  the  tests  I  will  say  that  while 
the  reported  tests  cover  only  a  period  of  a  few  hours,  the  conduit 
had  been  in  service  for  weeks  before  the  tests  were  started.  There 
would  be,  therefore,  no  advantage  in  reporting  same  for  a  longer 
period,  particularly  as  the  readings  definitely  brought  out  the  fact 
that  a  constant  condition  had  been  reached. 

Regarding  the  question  as  to  whether  I  have  made  any  tests  with 
diatomite  insulation  material,  I  would  say  that  I  have  made  such 
tests,  the  efficiency  of  same  being  as  low  as  65  per  cent. 
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In  reference  to  the  price  of  tunnels  and  conduit  I  will  say  that 
these  were  taken  from  bids  received  on  advertised  work  and  there- 
fore cannot  be  disputed. 

In  reference  to  the  question  as  to  whether  it  pays  to  install  isolated 
heating  plants  instead  of  a  central  heating  plant,  I  will  say  that  this 
is  a  question  that  is  too  broad  for  a  discussion  at  this  time,  but  I  can 
say  that  a  central  heating  plant  pays  if  the  buildings  are  in  close 
proximity  and  of  some  material  size.  In  general  on  institution 
work,  it  pays  to  install  a  central  heating  plant. 
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HE  ancient  history  of  window  de- 
sign and  construction  is  not  vol- 
uminous. Some  authorities  state 
that  windows  were  unknown  in  ancient 
Egypt.  This  is  evidently  a  mistake,  how- 
ever, as  we  can  find  pictures  and  descrip- 
tions of  windows  even  in  the  sixth  dy- 
nasty. We  must  remember,  however, 
that  Egypt  is  a  country  where  it  seldom 
rains  and  many  of  the  buildings  were 
constructed  in  ancient  times  without 
roofs.  The  necessity  for  windows,  there- 
fore, was  not  so  great  as  in  some  other 
parts  of  the  world.  They  were  used, 
to  a  limited  extent,  in  the  second  floor  of  some  buildings,  without 
glass  or  other  protection. 

In  Chaldea  and  Assyria  no  evidence  exists,  so  far  as  I  have  been 
able  to  determine,  that  windows  were  used  except  for  some  very 
special  purpose.  This  country  along  the  fertile  banks  of  the  Tigris 
and  Euphrates  rivers  has  a  climate  very  similar  to  that  of  the  valley 
of  the  Nile.  Rollins,  in  his  history  of  the  "Seven  Ancient  Mon- 
archies," quotes  older  authorities  who  state  that  roofs  w'ere  not  pro- 
vided on  the  buildings  of  ancient  Babylon,  even  the  King's  palace 
having  been  constructed  in  this  manner. 

In  the  buildings  of  ancient  Greece,  windows  were  used  to  a  lim- 
ited extent,  never  appearing  in  the  first  floor  and  only  used  occa- 
sionally in  the  second  floor  or  clear  story  part  of  the  structure.  In 
the  latter  days  of  Greece,  windows  in  the  temples  became  more 
frequent  and  considerable  art  was  exhibited  in  their  design. 
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The  question  of  windows  in  the  buildings  of  Rome  is  of  con- 
siderable interest.  The  Roman  dwelling,  or  "domus,"  evolved  from 
a  simple  type  of  structure  found  in  the  earliest  days  of  the  RepubHc 
and  was  carried  through  the  entire  history  of  Rome  to  the  decline 
and  fall  of  the  Empire.  It  was  at  first  a  one-room  rectangular 
dwelling  with  a  door  in  one  end  and  a  rectangular  opening  in  the 
roof,  the  "impluvium,"  that  allowed  smoke  to  escape  and  air  and 
sunlight  to  enter;  beneath  the  impluvium  was  placed  a  large  basin, 
the  "compluvium,"  to  catch  for  the  domestic  use  of  the  householder, 
rain  water  which  fell  from  the  opening  above.  This  type  of  early 
Roman  dwelling  was  originally  called  the  "atrium."  As  building 
construction  developed,  additions  to  this  simple  form  were  made 
and  the  word  "atrium,"  which  originally  meant  dwelling,  came  to 
mean  this  central  room  which  served  as  a  court  for  the  building  and 
entranceway  to  other  rooms.  Only  one  door  and  no  windows  were 
provided,  the  impluvium  serving  as  the  .only  means  of  air  and  sun- 
light. In  the  latter  days  of  the  Empire,  when  ground  values  in 
Rome  became  extremely  high,  the  second  story  appeared  in  some 
of  the  Roman  dwellings.  In  the  second  story  occasional  openings 
in  the  walls,  not  large  enough  to  allow  a  person  to  thrust  his  head 
through,  were  used,  but  the  design  of  all  dwellings  throughout  the 
entire  history  of  Rome  contemplated  ventilation  and  lighting,  as 
well  as  entrance  and  egress  to  all  rooms,  from  the  atrium. 

In  churches  and  temples,  windows  were  used  during  the  Roman 
Empire.  It  is  interesting  to  observe,  however,  that  while  glass  was 
known,  it  was  not  used  to  any  extent  in  the  sheet  form.  What  we 
might  call  the  window  frame  was  constructed  of  wood  or  marble 
and  small  openings  provided  in  the  same,  which  were  set  with  pieces 
of  colored  glass,  or  specularia,  a  species  of  transparent  stone  obtained 
from  Spain. 

During  medieval  times  in  Syria,  the  Byzantine  buildings  were 
provided  with  windows.  During  this  period  the  round  top  case- 
ment window  began  to  appear  and  many  elaborate  patterns  have 
been  described.  From  this  time  on,  the  use  of  windows  became 
extremely  common  and  glass  was  used  more  and  more  in  the  con- 
struction. First,  the  sash  was  hung  the  same  as  a  door ;  in  fact, 
the  frame  was  fitted  with  a  door  much  the  same  as  an  entrance 
door,  open  only  in  mild  weather  and  closed  at  other  times.  It  has 
been  suggested  that  the  derivation  of  our  word  "window"  is  a 
corruption  of  the  original  Anglo-Saxon  "wind  door."  This  type 
soon  gave  place,  especially  in  England  and  France,  to  the  casement 
window  seen  so  frequently  at  the  present  time.     The  double  sash 
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and  double  hung  windows  of  the  present  time  have  been  developed 
largely  in  this  country. 

We  see  from  the  foregoing  that  the  use  of  windows  has  devel- 
oped from  a  condition  where  they  were  considered  almost  a  luxury 
— certainly  not  a  necessity — to  the  present  time  when  laws  are 
enacted  and  enforced  making  their  use  compulsory  in  practically 
all  rooms.  While  this  condition  has  been  eminently  desirable  from 
a  sanitary  standpoint  up  to  the  present  time,  in  the  last  few  years 
a  condition  has  arisen  which  makes  it  necessary  for  sanitary  engi- 
neers to  weigh  carefully  the  relative  value  of  windows  vs.  mechan- 
ical ventilation  and  artificial  illumination  in  modern  buildings  in 
congested  districts.  1  refer  particularly  to  the  occupancy  of  rooms 
below  grade,  and  also  to  those  rooms  at  or  above  grade  so  located 
that  a  clean  air  supply,  or  adequate  illumination,  cannot  be  obtained 
by  the  use  of  windows. 

A  window  may  be  defined  as  "An  opening  in  the  wall  of  a 
building  for  the  admission  of  light  and  air."  It  usually  has  a  third 
value  in  that  it  allows  the  occupants  to  obtain  a  view  of  the  exterior, 
which  is  a  more  or  less  desirable  factor,  depending  upon  the  locality. 
These  three  functions  are  the  only  ones  that  a  window  can  be 
legitimately  expected  to  serve,  and  they  are  of  so  much  importance 
that  it  is  not  customary  to  consider  the  objections  that  may  in 
special  cases  be  urged  against  their  indiscriminate  use.  Let  us 
first  enumerate  the  objections  in  any  possible  case : 
1.  First  Cost ; 
'Z.     Care  and  upkeep  ; 

3.  Loss  of  wall  space ; 

4.  Admission  of  flies  and  other  insects; 

5.  Admission  of  dirt ; 

6.  Weakening  of   walls   and   injury  to  building; 

7.  Entrance   for  burglars  ; 

8.  Increase  of  heat  loss; 

0.     Interference  with  mechanical  ventilation ; 
10.     Increased  liability  to  fire  and  fire  panic; 
n.     Nuisance  from  noise. 

We  will  di.-^cuss  briefly  the  foregoing  objections  and  then  take  up 
specifically  the  arguments  as  applied  to  various  types  of  buildings: 

1.  First  Cost:  In  ordinary  dwellings  or  apartment  buildings 
not  over  three  stories  high,  the  first  cost  of  providing  windows  for 
the  same  area  of  wall  space  is  insignificant.  The  construction  of  a 
13  in.  wall  can  be  safely  figured  at  82c  per  sq.  ft.,  while  ordi- 
nary   double-hung    wood    sash    box    frame    windows    may    be    fig- 
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ured  at  26c  per  sq.  ft.  Where  special  size  windows  or  special 
construction  is  used  the  increase  in  cost  will  depend  upon  the  type 
selected.  If,  however,  in  conformity  with  the  ordinances  of  the 
City  of  Chicago,  it  is  necessary  to  provide  windows  with  metal 
frame  and  wire  glass  the  cost  is  materially  increased.  The  cheapest 
types  of  metal  frame  construction  used  are  estimated  at  47c  per 
sq.  ft.  While  these  windows  will  be  accepted  by  some  insur- 
ance companies  without  an  increase  in  the  rate,  they  are  not  ap- 
proved by  the  Chicago  Board  of  Fire  Underwriters.  To  comply 
with  the  Underwriters'  requirements,  the  initial  cost  is  not  less 
than  65c  per  sq.  ft.  of  glass. 

Another  feature  that  increases  the  cost  of  building  construction 
in  proportion  to  the  windows  used,  and  one  that  is  not  always  taken- 
into  consideration,  is  the  added  expense  of  the  heating  equipment. 
It  is  customary  to  figure  heating  equipments  at  75c  per  sq.  ft. 
of  direct  radiation.  If,  for  the  purpose  of  a  concrete  illustration, 
we  take  a  two-story  flat  building  54  ft.  long,  22  ft.  wide  and  28  ft. 
high,  with  24  windows  in  the  building,  or  12  in  each  apartment, 
the  windows  being  of  an  average  size  of  3x6  ft.  and  having  an 
area  of  18  sq.  ft.  each,  it  will  require  100  sq.  ft.  more  of  direct 
radiation  to  heat  the  building  with  windows  than  without.  This  is 
an  increase,  for  windows  alone,  in  the  first  cost  of  the  heating 
equipment  of  $75.00,  which  is  a  little  over  $3.10  per  window. 

The  next  item  in  the  first  cost  is  fly  screens ;  these  may  be  figured 
installed  and  painted  at  75c  per  window.  The  last  item  in  the 
first  cost,  that  we  must  consider,  is  the  window  shades ;  these  may 
be  obtained  of  a  fair  quality  for  about  75c  apiece.  The  curtains, 
draperies,  etc.,  while  they  might  be  considered  almost  a  necessity, 
could  be  dispensed  with  and  will  not  be  taken  into  account  in  fig- 
uring the  cost. 

2.  Ca7'e  and  Upkeep:  If  the  housewife  is  so  fortunate  as  to 
be  able  to  hire  this  work  done,  the  cleaning  of  windows  is  usually 
paid  for  either  on  the  time  basis  or  at  the  rate  of  10c  per  window. 
Allowing  for  cleaning  twice  a  month  this  would  amount  to  $2.60 
per  window  per  year.  In  the  two-flat  building  previously  referrec' 
to,  for  12  windows  this  would  be  $31.20  per  year.  Glass  breakage, 
painting  of  sash  and  other  repairs  vary  so  greatly,  owing  to  loca- 
tion, type  of  window,  etc.,  that  this  factor  is  difficult  to  estimate : 
a  conservative  figure,  however,  would  be  not  less  than  50c  per 
window  per  year.  Thus,  without  taking  into  consideration  the  cost 
of  maintaining  shades,  washing  curtains,  etc.,  it  is  apparent  that 
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the   cost    involved    in   ordinary   dwellings    for    windows    is   consid- 
erable. 

3.  Loss  of  Wall  Space:  This  is  an  objection  to  the  installation 
of  windows  that  is  not  usually  serious,  but  sometimes  it  is  a  matter 
of  considerable  inconvenience,  and  if  due  consideration  is  not  given 
to  the  proper  placing  of  windows  when  the  building  is  designed, 
the  housewife  has  considerable  difficulty  in  placing  large  pieces  of 
furniture.  In  some  instances  it  very  materially  reduces  the  utility 
of  living  rooms  and  should  be  given  careful  consideration  when 
a  building  is  designed. 
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-!:.  Admission  of  Flies  and  Other  Insects:  The  annoyance  from 
flies  and  other  insects  that  enter  through  windows  is  a  matter  of 
common  knowledge.  If  this  objection  was  an  annoyance  only  it 
would  not  be  serious.  In  late  years,  however,  the  fact  has  become 
well  recognized  that  typhoid  fever,  and  probably  several  other  dis- 
eases, can  be  traced  directly  to  infection  from  these  insects.  While 
it  is  hardly  fair  to  urge  the  cost  of  screening  as  an  objection  to 
windows  and  also  entrance  of  flics  and  insects  through  the  same, 
still  both  must  be  given  consideration,  as  it  is  an  exception  rather 
than  the  rule  to  find  buildings  so  screened  that  all  of  these  pests 
are  excluded. 
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5.  Admission  of  Dirt :  The  dust  and  dirt  that  enter  not  only 
through  open  windows,  but  through  closed  windows  as  well,  offset 
to  a  large  extent;  in  some  localities,  the  benefits  derived  from  the 
fresh  air  secured  in  this  manner.  Dr.  Willis  Andrews  has  recently 
called  attention  to  the  fact  that  dust  and  dirt  in  the  air  we  live  in, 
is  much  more  serious  than  is  commonly  supposed.  To  consider  the 
matter  as  an  annoyance  only  is  to  underestimate  its  bad  effects  from 
a  hygienic  standpoint.  Dust  infections  of  the  skin  and  mucous 
membranes  is  the  common  cause  of  diseases  of  the  eye,  infections 
of  the  skin,  tonsilitis,  bronchitis,  possibly  pneumonia  and  tubercu- 
losis. In  those  localities  where  the  open  window  contaminates  the 
air  supply  with  dust  and  dirt,  this  contamination  not  infrequently 
causes  more  harm  than  the  air  supply  does  good. 

Another  feature  of  less  importance  but  still  to  be  considered  is 
the  injury  to  carpets,  furnishings,  fabrics,  etc.,  in  the  buildings. 
The  cost  of  this  is  very  difficult  to  estimate. 

6.  Weakening  of  Walls  and  Injury  to  Building :  It  is  a  well 
known  fact  that  the  installation  of  windows  in  any  kind  of  a 
structure  materially  reduces  the  permanency  of  the  wall.  No 
window  casing  has  ever  been  constructed  that  is  absolutely  water 
proof.  The  freezing  of  water  that  gains  access  through  the  minute 
interstices  of  the  wall  ultimately  weakens  and  destroys  the  struc- 
ture. 

7.  Entrance  for  Burglars:  This  objection  to  windows  is  an 
extremely  variable  quantity.  The  time  was  when  windows  were 
not  used  in  the  first  story  at  all  for  the  reason,  and  at  a  later 
time  they  were  heavily  barred  and  shuttered.  It  is  the  common 
belief  at  the  present  time  that  no  window  fastener  is  proof  against 
the  ingenuity  of  the  burglar  provided  he  is  given  sufficient  time  to 
operate. 

8.  Increase  of  Heat  Loss:  The  heat  loss  of  a  13  in.  brick 
wall  is  usually  calculated  as  0.28  B.t.u.  per  sq.  ft.  per  degree  dif- 
ference. Referring  again  to  our  illustration  of  a  two-flat  building, 
the  total  heat  loss  with  a  temperature  difference  of  70  deg.  would 
be  64,900  B.t.u.  per  hour,  calculated  on  the  assumption  that  there 
are  no  windows  in  the  structure.  With  12  windows  in  each  flat, 
the  windows  being  the  ordinary  double  hung,  box  frame  type,  3x6 
ft.  in  size,  the  heat  losses  will  be  increased  to  80,300  B.t.u.  per 
hour,  the  increase  representing  2  lb.  of  coal  per  hour,  or  18  lb.  of 
coal  per  day ;  this  calculation  is  based  on  an  average  temperature 
during  the  winter  months  of  30  deg.     Figuring  the  heating  season 
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as  exfencling  from  October  1st  to  May  1st,  this  would  be  an  in- 
crease in  coal  consumption  of  10,080  lb.  or  slightly  over  five  tons. 
Figuring  coal  at  $5.00  per  ton  this  would  be  $1.05  per  window 
per  year  additional  cost  for  heating.  While  this  figure  does  not 
appear  large  it  should  be  borne  in  mind  that  we  have  not  taken 


FIG.    2.      ANOTHER    TYPE    OF    CHURCH    WINDOW    COMMONLY    USED. 

into  consideration  the  loss  of  heat  from  air  leakage,  which  would 
probably  double  this  amount. 

In  factory  buildings  and  some  other  structures  where  the  side 
walls  are  practically  all  glass  the  heat  loss  through  windows  is 
often  greater  than  from  the  remainder  of  the  building. 

9.  Interference  zvith  Mechanical  Ventilation :  While  this  item 
can  be  overcome  by  careful  design  and  proper  installation,  it  must 
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be  admitted  that  in  the  great  majority  of  cases  the  use  of  windows 
in  schools,  factories,  theatres  and  other  buildings,  where  a  pro- 
portionately large -number  of  people  are  congregated  in  one  room, 
interferes  seriously  with  the  operation  of  the  mechanical  equip- 
ment. This  is  due  to  two  principal  causes :  First,  in  schools  the 
custom  has  been  in  the  past  to  design  the  ventilating  system  with 
rather  small  duct  capacities,  forcing  the  air  into  the  various  rooms 
and  allowing  it  to  escape  through  vent  openings.  It  is  apparent 
that  if  two  rooms  are  supplied  with  air  at  a  low  pressure  through  a 
common  duct  and  the  windows  are  open  in  one  of  these  rooms,  the 
pressure  at  this  point  will  be  reduced  and  the  room  in  which  the 
windows  remain  closed  will  be  robbed  of  its  air  supply.  This  can 
be  overcome  if  the  designers  will  carry  a  low  velocity  and  a  high 
pressure  in  the  ducts.  The  duct  pressure  must  be  somewhat  above 
the  room  pressure.  If  this  is  done  the  opening  of  windows  will  not 
interfere  with  the  proper  operation  of  -the  equipment. 

The  other  objection  to  windows  in  mechanically  ventilated  rooms 
is  more  difficult  to  overcome,  namely,  the  currents  of  air  caused  by 
what  is  commonly  termed  "window  chill."  The  glass  being  a  very 
good  conductor  of  heat,  the  air  in  a  room  of  any  building,  near  the 
windows  is  quickly  cooled  to  a  temperature  much  below  that  in 
other  parts  of  the  room,  and  this  air,  being  cooler,  is  heavier  and 
sinks  to  the  floor.  A  current  of  cold  air  is  set  up  in  this  way  which 
travels  down  the  windows  and  across  the  floor,  chilling  the  occupants 
of  the  room  near  the  windows  and  cooling  the  floor  line  below  a 
comfortable  temperature. 

Considerable  work  has  been  done  by  the  Chicago  Commission 
on  Ventilation  in  the  experimental  room  in  the  Chicago  Normal 
College  on  this  subject.  Double  windows  are  now  being  experi- 
mented with,  and  also  sheets  of  warmed  air  forced  up  from  the 
ducts  in  front  of  the  windows.  It  is  apparent,  however,  that  to 
obviate  this  difficulty,  the  expense  of  the  ventilating  equipment  is 
going  to  be  very  materially  increased. 

In  theatres  the  use  of  windows  in  the  side  walls  is  not  only 
objectionable  on  this  ground,  but  the  windows  occupy  so  much 
space  that  it  is  difficult  to  find  room  for  the  necessar\^  supply 
ducts,  and  as  the  tendency  is  at  the  present  time  to  ventilate  thea- 
tres and  other  auditoriums  by  the  introduction  of  air  from  the 
side  walls,  this  objection  is  rather  serious. 

10.  Increased  Liability  to  Fire  and  Fire  Panic:  In  theatres 
particularly,  in  churches,  schools  and  factories  to  a  less  extent. 
the  liability  to  fires  and  fire  panic  is  greatly  increased  by  windows. 
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Fires  usually  spread  between  contiguous  buildings  through  the 
windows.  It  is  only  after  the  heat  has  shattered  the  glass  that  the 
fire  gains  entrance  from  the  outside.  This  in  itself  is  a  serious 
objection,  not  so  much  in  tenements  and  dwellings,  where  the  space 
between  buildings  is  greater,  as  in  public  buildings,  such  as  thea- 
tres, and  to  a  less  extent  churches  and  schools.  With  churches 
and  schools,  the  space  between  these  structures  and  contiguous 
buildings  is  usually  sufficient  to  prevent  fire  gaining  entrance  in 
this  manner,  but  theatres  are  built  in  congested  districts,  usually 
in  business  districts,  and  the  matter  here  assumes  an  entirely  dif- 
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ferent  aspect.  For  this  reason  the  Chicago  building  ordinance  pro- 
vides that  windows  in  buildings  of  this  kind  should  be  of  metal 
and  wire  glass  construction  which  ofifers  the  greatest  resistance 
to  fire. 

The  fire  feature  referred  to,  is  not  always  given  the  recogni- 
tion its  seriousness  demands.  An  audience  packed  in  a  theatre 
seems  to  have  no  power  of  intelligent  thought  or  action  when 
confronted  with  danger.  It  is  not  necessary  for  the  danger  to  be 
real;  simply  the  cry  of  fire  or  a  view  of  a  blaze  through  the  win- 
dows in  a  near  by  structure  is  sufficient  sometimes  to  cause  a 
panic.  It  is  for  this  reason  that  the  former  Commissioner  of 
Buildings  of  Chicago  objected  so  strenuously  to  the  use  of  win- 
dows in  the  walls  of  theatre  buildings. 
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11.  Nuisance  from  Noise:  In  office  buildings  in  the  congested 
districts  of  large  cities,  the  noise  from  electric  cars,  passing  trucks 
and  the  varied  street  activities  almost  entirely  prevent  the  use  of 
windows  for  ventilation  on  the  1st,  2d  or  even  3rd  floors.  In 
schools,  this  is  a  serious  objection,  the  seriousness  depending  on 
the  locality.  In  factories,  however,  this  objection  is  of  little  con- 
sequence. In  hospitals  it  often  prevents  the  free  use  of  windows 
even  when  they  are  the  only  means  of  securing  an  adequate  air 
supply.  Even  in  houses  and  apartments  numerous  complaints  arise 
from  this  cause.  The  Health  Department  frequently  receives  let- 
ters from  sleep  disturbed  sufiferers  who  complain  of  some  specific 
noise  nuisance. 

It  is  evident  that  the  various  items  just  considered  in  reference 
to  the  disadvantages  that  may  arise  from  the  use  of  windows  will 
vary  in  their  importance  according  to  the  type  of  building  under 
consideration.  Let  us  now  outline  briefly  the  comparative  values 
of  the  items  with  reference  to  the  advantages  that  may  be  derived 
as  applied  to : 

A — Apartments  and  Family  Dwellings ; 

B — Schools  and  Churches  ; 

C — Theatres ; 

D — Workshops  and  Factories  ; 

E — Basement  Restaurants,  Bakeries  and  Workrooms. 

A APART^[£XTS   AND  FAMILY  DWELLINGS: 

1 — First  Cost : 

Cost   of    Installation $1.68 

Heating   Equipment    3.10 

Screens    .75 

Shades    .75 

Total    $9.28  per  window 

2 — Maintenance: 

Cleaning    $2.60 

Maintenance  and  Repair .50 

Increased   Coal   Consumption 1.05 

Total    $4.15  per  window 

Assuming  that  the  foregoing  figures  are  correct  we  see  that 
even  with  an  ordinary  flat  building,  the  first  cost  of  installing 
each  window  is  $9.28,  or  $3.50  more  than  the  same  area  of 
brick  wall.     The  maintenance  amounts  to  $4.15  per  window 
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per  year.     This   for  a   flat   with   12   windows,   is   $49.80   per 
year,  which  is  about  10  per  cent,  of  the  yearly  rent. 

3 — Loss  of  Wall  Space :     More  important  than  in  any  other  type 
of  building. 

4 — Admission  of  Flies  and  Other  Insects:     Extremely  important. 

5 — Admission  of  Dirt:     Importance  depends  on  locality. 

6 — Weakening  of  Walls  and  Injury  to   Building :     The  same  as 
in  all  structures. 

7 — Entrance  for  Burglars :     Very  important. 

8 — Increase   of   Heat   Loss :     Not    as    important   as    in    factories, 
schools,  etc. 

9 — Interference  zcith  Mechanical  Ventilation  :     Does  not  apply. 
10 — Increased  Liability  to  Fire  and  Fire  Panic:     Not  important. 
11 — Nuisance  from  Noise:     The  importance  of  this  objection  de- 
pends upon  the  locality. 

The  advantages  from  the  use  of  windows  in  buildings  of  this 
type  are  as  follows : 

1st — Admission  of  Light:  It  is  unnecessary  to  argue  that  win- 
dows in  residences  and  apartments  fulfill  in  the  highest  degree 
their  functions  in  this  regard.  If  the  building  is  properly  designed 
the  windows  will  supply  all  the  light  that  is  necessary  between  sun- 
rise and  sunset. 

2nd — Admission  of  Air:  The  ventilation  of  living  rooms  in 
residences  or  apartments  can  be  very  satisfactorily  accomplished 
by  the  judicious  use  of  properly  designed  windows.  There  is  no 
need,  except  in  very  rare  instances,  for  the  use  of  wall  flues  or 
any  other  adjuncts  to  the  windows  for  ventilation  purposes.  They 
fulfill  the  function  with  entire  satisfaction  if  properly  used. 

Srd^Obtaining  a  Vie7<'  of  the  Exterior :  It  is  in  buildings  of 
this  type  that  this  function  of  windows  reaches  its  greatest  impor- 
tance. 

We  see  from  the  foregoing  tabulation  that  while  there  are  cer- 
tain objections  to  the  use  of  windows  in  homes  and  apartments, 
especially  if  improperly  located,  still  the  advantages  derived  out- 
weigh by  far  all  the  disadvantages  that  have  been  urged. 

B — SCHOOLS  AND  CHURCHES:  In  schools  and  churches  or  build- 
ings of  the  same  general  type  where  the  window  area  may  be  as 
great  as  10  per  cent,  of  the  floor  area,  the  problem  assumes  a 
slightly  different  aspect  than  in  the  apartment  building  just  con- 
sidered. Briefly,  the  objections  that  may  be  urged  in  the  case  of 
a  public  school  building  are  as  follows : 
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1 — First  Cost:     This  is  increased  about  20  per  cent. 

2 — Care  and  Upkeep  :  Slightly  lower  than  in  flat  buildings  pre- 
viously considered. 

3 — Loss  of  Wall  Space  :     Unimportant. 

4 — Admission  of  Flies  and  Other  Insects:  Not  usually  impor- 
tant, as  breeding  places  for  flies  or  particles  of  food,  etc.,  to 
attract  them  are  usually  absent. 

5 — Admission  of  dirt :  Not  usually  important  owing  to  the  iso- 
lated position  of  the  schools  and  good  condition  of  grounds. 

6 — Weakening  of  Walls  and  Injury  to  Building :  Practically  th^ 
same  as  in  all  structures. 

7 — Entrance  for  Burglars:     Unimportant. 

8 — Increase  of  Heat  Loss:  This  is  very  important  and  is  the 
major  factor  in  schools  that  increases  the  cost  of  maintenance 
of  windows. 

9 — Interference  zvith  Mechanical   Ventilation :     This   is   of   great 
importance  but  has  been  previously  discussed. 
10 — Increased  Liability   to  Fire  and  Fire  Panic :     Not   important 

as  the  schools  are  usually  isolated  structures. 
11 — Nuisance  from  Noise:     The  objection  to  windows  in  schools 
and  churches  from  the  standpoint  of  noise  will  depend  almost 
entirely  on  the  location  of  the  building. 

The    advantages    to   be    derived    from    the    use    of    windows    in 

schools  are : 

1st — The  Admission  of  Light :  This  is  all  important.  A  school 
building  is  occupied  mainly  during  the  daytime  and  the 
nature  of  the  employment  makes  it  imperative  that  the  best 
illumination  possible  be  secured;  in  fact,  if  all  windows  were 
constructed  so  that  it  was  impossible  to  open  them  at  any  time, 
the  lighting  feature  would  more  than  justify  the  expense  in- 
curred. 

2nd — Admission  of  Air:  During  those  periods  of  the  year  when 
artificial  heat  is  not  requ'ired  the  judicious  use  of  windows 
provides  fairly  satisfactory  air  conditions  in  school  rooms. 
The  outside  temperature  must  be  above  65  deg.  to  admit  of 
the  full  use  of  windows  for  ventilating  purposes.  During  the 
heating  season  the  windows  in  school  rooms  are  of  less  value 
for  supplying  air  and  reliance  must  be  placed  on  the  mechan- 
ical equij)ment. 

3rd — Viezv  of  The  Exterior.     This  is  of  little  value  in  the  case  of 
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school  rooms  and  possibly  in  some  instances  operates  to  detract 
the  attention  of  pupils  from  their  work. 

To  sum  up  the  situation  in  regard  to  schools  it  is  evident  that 
the  full  use  of  windows  is  justified  from  the  standpoint  of  proper 
lighting  alone.  Windows  have  the  additional  advantage  of  pro- 
viding air  during  seasons  of  moderate  weather.     With  a  properly 


FIG.  4.     A  TYPICAL  DESIGN'  OF  FACTORY  WINDOW  WITH  AMPLE  FACILITIES 

FOR  VENTIL.\TION. 

designed   ventilating  system,   they  are  a  distinct  advantage  as  an 
adjunct  during  all  seasons  of  the  year. 

C  THEATRES :  The  advantages  urged  against  the  disadvantages 
in  the  use  of  windows  in  theatres  are  as  follows : 
1 — First  Cost :  In  theatre  construction  the  ordinance  requires, 
except  on  the  street  frontage,  fireproof  windows.  To  comply 
with  the  Underwriters'  requirements  these  windows  will  cost 
about  G5c  per  sq.  ft.  Figuring  a  window  of  18  sq.  ft.  in  area, 
as  we  did  in  the  apartment  building,  this  brings  the  cost  of 
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the  window  itself  up  to  $11.58,  as  against  $5.78  for  the  same 
area  of  brick  wall. 

2 — Care  and  Upkeep :  This  feature  is  not  excessive  except  in 
the  increased  heat  loss  and  consequent  coal  consumption.  This 
again  will  depend  upon  the  ratio  of  window  area  to  wall  sur- 
face. Assuming  that  a  window  area  is  provided  equal  to 
10  per  cent,  of  the  floor  area,  the  expense  in  heating  the 
building  will  be  increased  approximately  15  per  cent,  in  the 
winter  months.  As  the  Chicago  ordinance  requires  the  larg- 
est air  supply  of  any  city  in  the  country,  the  expense  incurred 
in  heating  and  ventilating  is  very  high.  This  is  unnecessarily 
increased  where  windows  are  required. 

3-— Loss  of  Wall  Space:  This  is  a  serious  objection  in  those 
cases  where  supply  ducts  are  carried  up  on  the  side  walls. 

4 — Adiiiissioji  of  Flies  and  Other  Insects:     Not  important. 

5 — Admission  of  Dirt:     Not  important. 

6 — Weakening  of  Walls  and  Injury  to  Building:  This  is  of  con- 
siderable importance  in  theatre  construction,  owing  to  the  fact 
previously  referred  to,  that  this  space  is  very  desirable  for 
supply  ducts. 

7 — Entrance  for  Burglars:     Not   important. 

8 — Increase  of  Heat  Loss:  This  was  discussed  under  "Care  and 
Upkeep." 

9 — Interference  zvith  Mechanical  Ventilation :  In  theatre  build- 
ings this  is  a  serious  objection.  With  the  present  keen  com- 
petition among  theatre  owners  and  the  high  land  values  in 
business  districts  every  available  inch  of  floor  space  is  util- 
ized for  seating  capacity.  The  result  is  the  seats  are  placed 
as  close  to  the  side  walls  as  possible  and  the  draft  from  win- 
dows, particularly  the  window  chill,  makes  it  very  difficult  to 
properly  ventilate  the  auditorium  with  a  mechanical  system  and 
maintain  an  even  temperature. 
10 — Increased  Liability  to  Fire  and  Fire  Panic:  This  was  dis- 
cussed previously  under  the  above  heading  in  its  general  ap- 
plication. It  should  be  borne  in  mind  that  theatres  are  built 
in  business  districts  usually  covering  the  entire  width  of  the 
lot  and  this  feature,  therefore,  reaches  its  greatest  importance 
in  this  type  of  building. 
11 — Nuisance  from  Noise:  This  was  discussed  under  the  general 
heading  of  objections  to  the  use  of  windows  and  requires  no 
further  argument. 
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We  see  from  the  above  that  the  objections  to  the  use  of  windows 

in  theatres  are  many  and  serious.     The  advantages  to  be  derived 

are  as  follows : 

1st — Admission  of  Light:  Windows  are  for  the  admission  of  light 
and  air  and  to  allow  the  occuj)ants  to  obtain  a  view  of  the  ex- 
terior. The  admission  of  light  into  a  theatre  not  only  is 
unnecessary  but  objectionable  from  every  standpoint,  not  only 
in  the  picture  theatres  where  light  must  be  excluded,  but  in 
the  so-called  legitimate  theatres  where  with  plays  in  prog- 
ress, the  lighting  feature  precludes  the  use  of  windows. 

2nd — Admission  of  Air:  Windows  in  theatres  cannot  be  used  for 
the  admission  of  air  because  air  cannot,  except  in  isolated  cases, 
be  introduced  through  windows  without  light  entering  as  well. 


FIG.   3.     INTERIOR   VIEW   OF  TYPICAL  DESIGN    OF  WINDOW   FOR    F.XCTORY 

BUILDINGS. 

Furthermore,  all  theatres  in  Chicago,  at  least,  are  equipped  with 
mechanical  systems  of  ventilation,  which  will  supply  more  air 
of    a   better   quality   and    will    distribute    it    with    much    more 
efficiency  than  can  be  obtained  by  the  occasional  use  of  win- 
dows. 
3rd — Vicxv  of  the  Exterior:     This  naturally  is  of  no  value  in  the 
type  of  building  under  consideration.     It  is  a  distinct  disad- 
vantage in  case  of  a  conflagration   in  the  neighborhood   that 
may  give  rise  to  serious  panics  in  the  theatre. 
It  is  evident  from  the  foregoing  that  the  use  of  windows  in  theatre 
auditoriums  is  objectionable   from   every  standpoint.     To  prohibit 
them  by  law  is  desirable — to  require  them  would  be  a  serious  error. 

D  WORKSHOPS  AND  FACTORIES  :  In  workshops  and  factories  situ- 
ated above  ground  the  question  of  windows  assumes  a  different 
aspect.     While  the  method  of  illuminating  rooms  occupied  in  this 
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manner  is  still  imperfectly  understood,  it  is  conceded  that  natural 
light  is  to  be  preferred  until  the  future  development  of  artificial 
illumination  has  progressed  considerably  further  than  at  the  pres- 
ent time.  It  is  also  to  be  noted  that  only  in  exceptional  cases  are 
factories  and  work  rooms  used  during  the  evening,  and  while  it  is 
true  that  artificial  illumination  is  required  to  a  certain  extent  even 
in  the  day  time,  still  the  value  of  natural  light  cannot  be  over- 
estimated. 

The  efficiency  of  windows  as  ventilating  devices  in  factory  build- 
ings depends  largely  on  the  type  of  occupancy.  In  general,  work 
rooms  with  an  almost  continuous  glass  surface  on  at  least  two 
sides  can  be  ventilated  by  the  judicious  use  of  windows  if  the 
space  available  for  employees  is  approximately  1,000  cu.  ft.  per 
occupant.  If  the  space  per  occupant  is  less  than  the  foregoing, 
mechanical  ventilation  becomes  necessary.  While,  therefore,  the 
expense  of  providing  adequate  window  area  is  considerable  in 
excess  of  buildings  not  so  provided,  and  while  the  cost  of  main- 
tenance, due  to  the  excessive  heat  loss,  is  approximately  60  per 
cent,  greater,  these  objections  are  almost  inconsiderate  in  propor- 
tion to  the  advantages  derived  from  their  use. 

E  Basement  Restaurants,  Bakeries  and  Workshops:  In  base- 
ment restaurants,  bakeries  and  workshops  certain  objections  that 
have  been  previously  mentioned  reach  their  highest  degree  of  im- 
portance. I  refer  particularly  to  the  entrance  of  large  amounts  of 
dust  and  dirt  through  bulkhead  windows  and  other  windows  at  the 
ground  level  in  thickly  populated  parts  of  the  city.  It  is  evident 
that  under  the  present  economic  conditions,  basement  restaurants 
will  be  constructed  and  operated  in  the  congested  portions  of  all 
cities.  This  is  due  to  the  fact  that  floor  space  is  too  valuable  above 
the  ground  floor,  and  that  large  numbers  of  restaurants  are  required 
where  the  population  is  the  most  dense. 

The  same  is  true  of  bakeries  and  it  is  probable  that  in  hotels 
basement  bakeries  and  kitchens  will,  with  proper  sanitary  regula- 
tions, continue  to  exist. 

Basement  and  cellar  workshops  are  not  as  necessary  in  the  con- 
gested districts  from  an  economic  standpoint,  but  a  few  of  them 
will  doubtless  continue  for  a  long  time  to  come ;  especially  is  this 
true  of  repair  shops  of  various  kinds  that  are  maintained  in  con- 
nection with  hat,  clothing,  shoe  stores,  etc.  Where  establishments 
of  this  kind  are  maintained  in  congested  portions  of  the  city  it  is 
evident  that  one  of  two  procedures  must  be  carried  out:  First, 
they  should  be  prohibited  in  any  location  below  the  second  floor, 
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above  ground,  and  ample  window  space  should  be  provided  on  at 
least  two  sides  with  an  adequate  area  between  it  and  adjoining  build- 
ings ;  land  values  are  too  high  to  give  this  proposition  serious  con- 
sideration. Second,  the  next  proposition  is  to  allow  them  in  the  first 
floor,  basement  or  sub-basement  and  prohibit  the  use  of  windows 
that  can  be  opened,  requiring  a  complete  mechanical  ventilating 
system,  including  air  washers  of  the  highest  efficiency,  with  tem- 
perature and  humidity  control. 

Artificial  illumination  of  ample  capacity  and  intensity  to  give  a 
certain  standard  test  must  be  required.  These  conditions  are  made 
necessarv   from  the  fact  that  dust  and  dirt  in  the  air  in  the  con- 
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gested  district,  is  so  serious  a  menace  to  the  occupants  of  basement 
rooms,  not  only  directly  but  through  contamination  of  food  and 
food  products,  that  it  is  practically  impossible  to  ventilate  any  room 
below  the  second  floor  by  the  use  of  windows. 

It  would  be  very  interesting  if  by  some  necromancy  we  could 
peep  into  the  Building  and  Sanitary  ordinances  of  Chicago  for  the 
year  n)30.  Under  ventilation  ordinances  we  would  find,  we  hope, 
something  like  the  following:  "Workrooms,  salesrooms  and  rooms 
open  to  the  public  below  the  second  story  above  grade.  Air  sup- 
ply in  rooms  of  this  character  shall  be  not  less  than  50  cu.  ft.  per 
person  per  minute  continuously  supplied  during  occupancy  and 
thoroughly  dififused  and  distributed.  The  air  shall  be  so  washed 
or  otherwise  cleansed  that  it  contains  not  more  than  100  dust  par- 
ticles per  cubic  centimeter  of  air.     The  bacterial  content,  colonies 
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of  all  kinds,  shall  not  exceed  10  per  10,000  cu.  ft.  of  air.  The  dry 
bulb  temperature  shall  at  no  time  be  lower  than  66  deg.  Fahr.  or 
higher  than  TO  deg.  Fahr.  The  wet  bulb  temperature  shall  be 
maintained  within  ;5  deg.  of  14  deg.  below  the  temperature  of  the 
dry  bulb. 

Under  the  heading  of  'Tllumination  Standards,"  we  would  prob- 
ably find  the  following :  "Workrooms,  salesrooms  and  rooms  open 
to  the  public  shall  give  an  illuminometer  test  of  not  less  than  6  ft.- 
candles  in  any  part  of  such  room,  except  spaces  below  tables  and 
show  cases  or  other  fixtures.  The  light  shall  be  so  diffused  thai 
no  shadow  of  more  than  10  per  cent,  of  total  shadow  density  will 
be  produced. 
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AN  IMPROVEMENT  IN  VENTILATING 
APPARATUS 

By  William  J.  Baldwin,  New  York 
Honorary  Member 

IT  is  probably  of  interest  to  the  members  of  the  Society  at  this 
time  to  learn  of  some  improvements  in  fan  building  and  what 
can  be  done  with  an  ordinary  fan.  The  apparatus  shown  will 
be  called  for  convenience  an  "aero-hydro-fan-separator,"  which 
simply  means  the  separation  of  water,  or  watery  matter,  or  moist 
dust,  from  air  by  means  of  a  specially  designed  fan. 

The  apparatus  shown  is  a  rain-excluding  fan  for  a  hospital  ship, 
but,  of  course,  it  may  be  used  any  place  where  it  is  desirable  to  take 
in  air,  in  ample  quantities,  and  exclude  rain  and  spray  or  dust.  We 
may  consider  it  here  as  a  ventilating  apparatus,  complete  in  itself, 
that  can  be  placed  in  any  deadlight  of  a  ship. 

Figs.  1  to  5  inclusive  show  photographs  of  the  actual  machine, 
connected  with  a  deadlight.  The  apparatus  can  be  swung  into  the 
deadlight  opening  as  shown,  or  when  necessary  the  glass  can  be 
closed.  The  glass  is  attached  to  the  upper  hinge,  and  can  be  let 
down  to  close  the  port. 

The  illustrations  will  tell  the  story  of  the  construction.  Its  ca- 
pacity is  35,000  cu.  ft.  of  air  per  hour  and  on  the  basis  of  1,000  cu.  ft. 
of  air  per  capita  it  wiH  take  care  of  thirty-five  passengers.  Those  of 
us  who  have  had  the  stewards  screw  up  our  port-holes  when  it 
rained  can  appreciate  the  purpose  of  this  apparatus. 

Figs.  2  and  3  show  the  rear  or  the  cabin  side  of  the  apparatus, 
exposing  the  motor,  which  is  concealed  in  the  center  of  the  appa- 
ratus. Figs.  4  and  5  show  the  construction.  It  will  be  noticed 
from  Fig.  3  that  one  can  see  through  the  apparatus  whether  it 
is  running  or  not. 
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Referring  to  Fig.  6,  which  is  a  long  section  through  the  appa- 
ratus, C  and  C^  represent  the  stationary  case  and  F,  the  fan 
revolving  within  the  case.  The  motor  M  is  fastened  to  the  outlet 
part  of  the  case  C\  and  the  shaft  carries  the  fan  F  and  the  rotor  R 
with  the  wings  W.  The  revolving  part  is  made  of  aluminum  and 
weighs  7  lb.  The  blades  of  the  fan  are  radial  and  straight,  so 
that  the  apparatus  can  be  run  in  either  direction;  any  way  the 
current  happens  to  be  applied,  the  operation  is  the  same. 

It  is  primarily  a  fan  in  a  case  with  an  enclosed  motor,  discharg- 
ing 35,000  cu.  ft.  of  air  per  hour.     When  water  or  spray  or  flying 


FIG.   1. 


VIEW  OF  THE  AERO-HYDRO  FAN-SEPARATOR  FITTED  FOR 
MOUNTING  IN  PORT-HOLE  OF  A  SHIP'S  CABIN 


spume  strikes  the  inlet,  it  strikes  the  blades  of  the  fan  and,  being 
heavier  than  the  air,  goes  ofif  almost  perpendicular  to  the  axis  of 
rotation,  striking  the  rotor  and  being  thrown  through  the  rotor  about 
as  indicated  by  the  straight  arrows.  The  air  follows  the  direction 
of  the  feathered  arrows  and  does  not  follow  the  water,  or  the  dust, 
into  the  case. 

It  may  appear  that  in  damp  weather  with  rain  or  spray,  that  some 
of  the  spray  or  rain  will  be  carried  through,  and  dampen  the  air. 
This  is  not  so.  With  the  finest  spray  that  can  be  obtained  the  hygro- 
metric  condition  at  the  cabin  end  of  the  apparatus  is  found  to  be 
only  from  45  to  50  per  cent  of  saturation,  and  the  peculiar  action 
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of  the  apparatus  is  that  even  in  fog,  the  spray  will  seize  on  the  fog 
and  carry  it  with  it  through  the  rotor ;  so  the  air  escaping  into  the 
cabin  still  shows  but  in  the  neighborhood  of  50  per  cent  of  satura- 
tion. The  apparatus  is,  therefore,  a  regulator  of  the  hygrometric 
condition ;  the  air  at  the  cabin  end,  regardless  of  its  condition  out- 
side, being  always  in  the  neighborhood  of  50  per  cent  of  saturation. 

The  spray,  whether  it  is  used  purposely,  or  whether  it  is  the  ac- 
cident of  rain  or  spray,  escapes  at  the  pipe  D  and  runs  outward 
through  the  side  of  the  cabin  through  a  small  piece  of  flexible 
hose,  to  the  deck  of  the  ship  or  overboard. 

The  apparatus  shown  is  intended  for  the  stateroom  of  a  steam- 
ship or  a  pleasure  yacht;  it  can,  however,  be  used  for  the  following 
purposes. 


VIi:W    OF    DELIVERY    END, 
SHOWING   MOTOR 


FIG.    3.      AXIAL    VIEW,    LOOKING 
THROUGH    ROTOR 


Dust  From  Chimneys.  To  take  dust  or  cinders  from  the  air  of 
a  chimney,  to  save  by-products  when  they  are  being  lost  either  from 
the  air  of  a  building  or  the  gases  of  a  chimney,  and  to  overcome 
nuisances,  such  as  the  escape  of  dust,  smoke  or  gas  from  manufac- 
turing plants. 

When  the  particles  of  dust  have  any  magnitude,  such  as  is 
discharged  from  a  power  house  chimney  and  collected  on  the 
neighboring  roofs,  from  80  to  95  per  cent,  can  be  separated 
from  the  gases,  dry,  according  to  the  conditions  of  the  fires.  Of 
the  large  particles  of  dust  there  is  no  trouble  w^hatever  in  throw- 
ing them  out,  dry,  and  the  apparatus  has  taken  out  in  the  dry 
process  (without  water)  dust  so  fine  that  45  per  cent,  of  it 
passed  through  a  200  mesh  sieve. 
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Cement  Dust.  The  dust  collected  on  the  grounds  of  a  Portland 
cement  company,  some  of  which  is  impalpably  fine,  has  been 
separated  from  the  air  to  the  extent  of  82  per  cent.,  dry ;  nothing 
but  impalpably  fine  dust,  that  looks  like  smoke,  getting  away. 
When  the  water  was  turned  on,  practically  100  per  cent,  was 
recovered,  as  nothing  noticeable  was  getting  away.  This  cement 
was  dry  and  cool  and  unburned.  so  that  it  did  not  "set"  when 
water  was  applied,  and  the  experiment  is  cited  here,  to  show  what 
may  be  done  in  recovering  dusty  or  gaseous  by-products,  (a) 
dry ;  (b)  with  water. 

Soft  Coal  Smoke.  Experiments  have  been  made  with  a  loco- 
motive whereby  the  black  soft  coal  smoke,  when  the  blower  has 
been  put  on  a  green  fire,  has  been  caught  and  "thrown  down," 


FIG.   4.   VIEW   SHOWING   ROTOR 
REMOVED  FROM  CASING 


FIG. 


.S.       VIEW     FROM     IXLET     SIDE 
WITH    ROTOR    REMOVED 


whereas  the  smoke  unhampered  would  carry  ordinarily  half  a 
mile  before  it  would  disappear  in  the  atmosphere.  With  this 
apparatus  and  the  use  of  the  spray,  the  resulting  output  from  the 
machine  (almost  white)  disappeared  in  50  to  To  ft.,  and  this 
included  the  steam,  that  v^-as  formed  by  the  partial  evaporation  of 
the  water  spray,  due  to  the  heat  of  the  hot  chimney  gas.  The 
carbon  and  other  products  of  the  smoke  were  washed  out  in  a 
stream  like  India  ink,  which  shows  the  possibilities  when  the 
apparatus  is  applied  in  the  saving  of  by-products  from  the  coke 
furnaces.  They  are  practically  all  recovered,  tar,  ammonia,  acids, 
and  whatever  they  may  contain. 

Copper  Refinery.    For  a  copper  refinery  we  have  an  experimental 
machine  for  use   where   the   ores   are   roasted.      In   the  process 
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dust  is  driven  off  that  is  exceedingly  valuable  and  that  has  not 
been  caught  in  a  large  settling  chamber. 

High  Temperature  Furnace  Fumes.  We  have  experimented  with 
a  plant,  where,  after  the  "detinning  process"  is  completed,  the 
steel  and  iron  (old  cans)  are  made  into  sash  weights  and  we 
have  recovered  the  dust  and  gases  from  the  top  of  the  cupola, 
with  temperatures  probably  above  1,200  deg.,  and  have  taken 
the  tin.  lead,  zinc,  etc.,  from  the  gases  by  the  use  of  the  wet 
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FIG.    6. 


LO.\GITUDINAL   SECTION    THROUGH    THE    AERO-HYDRO 
FAN   SEPARATOR 


process,  throwing  them  into  a  tank  as  a  mud.  I  cite  this  to  show 
that  very  high  temperature  fumes  from  gases  and  metals  can 
be  treated  and  much  value  recovered. 

Carbonic  Acid.  The  apparatus  can  be  used  to  take  CO2  (carbonic 
acid)  out  of  the  air  of  an  enclosed  space  by  using  a  potash  spray. 
This  is  capable  of  being  worked  out  for  submarines. 

Coal  Dust.  Where  coal  is  ground  very  finely  and  used  for  fuel 
purposes,  much  of  the  coal  dust  is  lost  in  the  atmosphere  and 
becomes  a  loss  and  nuisance.  This  can  be  recovered  in  this 
machine  by  the  wet  process. 
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Dust  From  Factories.  Dust  from  all  kinds  of  factories  can  be 
taken  from  the  air,  and  the  development  of  the  apparatus  to  free 
the  air  of  coal  mines  from  explosive  dust  is  one  of  the  possibilities. 

Electric  Locomotive  or  Car  Ventilation.  Another  important  use 
to  which  this  apparatus  can  be  put  is  the  cooling  of  motors,  dyna- 
mos or  transforriiers,  particularly  in  the  electric  locomotive.  It 
will  perform  the  function  of  preventing  a  large  proportion  of  the 
dust  from  the  track  passing  into  the  machine,  even  when  run 
as  a  dry  machine,  and  its  further  use  in  connection  with  the  electric 
locomotive  is,  that  in  rain  storms  it  zvill  prevent  the  rain  from  being 
carried  in  with  the  air.  In  this  particular  case  it  performs  the 
function  not  only  of  a  fan  that  will  move  air  and  that  will  keep 
out  dust,  but  a  fan  that  will  keep  out  water,  when  the  water  gets 
into  the  mouth  of  the  machine  accidentally.  With  the  admixure 
of  a  warm  spray,  I  believe  it  will  prevent  the  passage  of  snow,  by 
melting  the  same  in  transit  and  throwing  it  out  as  it  would  an 
agglomerate. 

Black  Smoke  From  Ships,  Loiv  Visibility,  Etc.  The  experiments 
mentioned  in  regard  to  the  locomotive  were  not  with  the  idea  of 
using  such  a  machine  on  a  locomotive  stack.  They  were  made 
to  see  what  could  be  done  with  the  soft  coal  smoke,  from  any 
chimney,  and  they  iixlicate  that  the  smoke  from  the  fast  torpedo 
destroyers  can  be  minimized  to  such  an  extent  that  the  discharge 
of  the  smoke  over  the  side  of  the  vessel  would  be  a  great  pro- 
tection against  the  knowledge  of  her  whereabouts  by  her  enemies, 
by  the  development  of  this  machine.  It,  therefore,  can  be  used  on 
the  deck  of  any  vessel  to  admit  air  to  the  stoke-hole,  even  in 
exceedingly  bad  weather,  without  admitting  water,  and  it  may 
likewise  be  used  to  take  the  smoke  from  the  boilers,  or  the  boiler 
chimney,  and  minimize  it  so  as  to  turn  it  into  a  comparatively 
insignificant  steam  cloud,  when  compared  to  the  smoke  of  a 
steamship  when  under  forced  draft.  No  high  stack  is  required 
with  it ;  it  makes  its  own  draft. 

The  tug-boats  of  New  York  Harbor  are  all  under  the  ban  ol 
the  Health  Department  and  this  apparatus  might  be  developed 
to  minimize  their  trouble. 

Humidifier  or  Drier.  The  apparatus  can  be  used  also  as  a  humidi- 
fier or  as  an  apparatus  to  dry  the  air  of  buildings. 

Warmer  or  Cooler.  It  also  can  be  used  as  an  apparatus  to  heat 
air  or  to  cool  air. 

In  addition  to  what  has  been  mentioned  above  the  apparatus 
can  be  used : 
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A.  To  remove  a  very  large  percentage  of  the  dust  or  carbon  in 
a  producer  gas  machine,  mechanically,  between  the  genera- 
tor and  where  the  gas  is  stored  or  used ; 

B.  To  take  tar  and  other  liquors  from  the  gas. 

C.  The  use  of  this  machine  in  connection  with  coke  ovens  to 
recover  by-products ;  this  can  be  done  by  returning  the 
sprayed  liquor  again  and  again,  until  it  becomes  a  concen- 
trated solution ; 

D.  The  use  of  alkalis  and  sprays  to  neutralize  acids  and  gases; 

E.  The  use  of  the  apparatus  as  a  separator,  whereby  large  par- 
ticles are  separated  from  the  fine,  as  might  be  done  in  cement 
works,  after  the  cement  has  been  burned  and  ground,  so  that 
a  commercial  cement  of  probably  500  mesh  fine  can  be 
secured  for  special  purposes ; 

F.  Anything  that  is  ground  finely  and  in  which  it  is  desirable  to 
separate  the  very  fine  from  the  ordinary,  rather  than  re- 
grind  it; 

G.  The  sterilization  of  air  by  the  use  of  antiseptic  spray  used 
over  and  over  again,  catching  and  throwing  down  the  objec- 
tionable particles. 

The  apparatus  is  self-cleaning,  whether  wet  or  dry. 

DISCUSSION 

The  Author:  (In  answer  to  a  number  of  inquiries  preceding  a 
demonstration  of  the  apparatus  described,  the  author  offered  the 
following  explanations.)  The  dust  is  not  carried  through  with  the 
air.  In  a  recent  case,  where  we  experimented  with  this  apparatus 
with  very  dry  air,  the  point  of  saturation  was  increased.  ...  I 
will  amend  the  first  statement  on  page  214,  to  say  that  in  a  case  in 
Brooklyn,  on  a  power  plant,  we  recovered  96  per  cent  of  dust  dry, 
46  per  cent  of  which  would  go  through  a  sieve  200-fine. 

Cement  in  the  condition  in  which  it  will  escape  from  the  burning 
kilns  will  not  set  with  water.  We  recovered  82  per  cent  dry  and 
the  remainder  when  water  was  used.  With  an  apparatus  of  this  kind, 
only  larger,  set  up  in  a  copper  refinery  we  have  caught  300  lb.  of 
dust  per  hour,  changing  the  original  orange  brown  color  of  the 
chimney  smoke,  until  it  was  an  indistinguishable  vapor.  The  ma- 
terial saved  has  a  high  value,  as  it  contains  copper,  zinc,  silver  and 
a  little  gold. 
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Where  we  use  it  on  furnace  gases  a  relatively  small  quantity  of 
water  is  sufficient  to  overcome  the  heat  of  the  gas  that  will  pass  from 
the  fire  to  the  stack.  The  evaporation  of  the  water  into  steam,  cools 
the  gas. 

M.  S.  CooLEY :  I  should  like  to  ask  if  the  water  was  always  put 
in  as  a  spray  ?  Has  it  been  tried  at  sea  where  waves  would  strike  it 
with  force? 

The  Author:  The  apparatus  has  been  tried  at  sea  for  seven 
months,  having  made  seven  round  trips  to  Cuba  on  the  S.  S.  Muna- 
mar,  without  repairs,  other  than  a  new  brush  for  the  motor. 

In  heavy  weather  it  is  moved  to  the  leeward  side  of  the  ship. 
There  is  a  limit  to  its  ability,  of  course,  but  no  rain  or  ordinary  spray 
can  get  through,  and  two.  pails  of  sea-water  dashed  into  the  opening 
simultaneously  only  made  it  stagger  and  slow  down ;  a  half  pint  of 
water  did  not  get  through,  and  the  machine  immediately  recovered. 
But  the  machine  is  not  intended  for  the  direct  slap  of  the  sea,  and 
still  the  flying  spray  did  not  come  through.  It  is  not  intended  for 
solid  water. 

J.  B.  Collins  :  It  is  stated  that  this  apparatus  may  be  used  to 
separate  coal  dust,  as  found  in  flue  gas.  As  it  operates  with  a  motor 
and  these  gases  are  very  hot,  I  wonder  if  it  had  any  eiTect  on  the 
operation  of  the  motor.  If  we  do  not  get  proper  ventilation  with  our 
motors,  we  have  trouble  with  them.    Is  that  the  case  here? 

The  Author:  In  regard  to  motors,  I  will  say  we  have  one  of 
these  apparatus  in  operation  on  a  boiler  that  handles  over  24,000  cu. 
ft.  per  min.  The  way  this  machine  is  installed,  the  motor  is  not  in 
the  gases. 

The  apparatus  illustrated  is  built  for  ventilating  a  cabin  of  a  boat. 
The  temperatures  will  be  ordinary.  There  will  not  be  trouble  from 
heat  and  it  is  desirable  to  have  the  apparatus  compact,  so  the  motor 
is  in  the  center  of  the  machine  for  marine  purposes.  For  other  pur- 
poses, the  motor  is  on  the  end  of  a  shaft  and  remote  from  the  heat. 
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HEAT  TRANSMISSION  THROUGH  VARIOUS 
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A   paper  by   Arthur  N.   Sheldon,   Providence,   R.   I.,   read  before   The   American 
Society  of  Mechanical   Engineers,  at  the  Annual  Meeting,  December,    1916. 

ABSTRACT 

THE  paper  described  some  experiments  which  were  made  to 
determine  the  rate  of  heat  transmission  through  various 
types  of  sash  and  the  causes  and  methods  of  prevention  of 
internal  condensation  in  double  glazed  sash.  The  tests  covered 
the  various  types  of  wood,  steel  and  hollow  metal  sash,  with  single 
and  double  glazing,  now  so  generally  used  in  modern  industrial 
plants  where  great  emphasis  is  placed  on  maximum  daylight 
lighting. 

The  testing  apparatus  was  an  airtight  box,  one  side  of  which 
was  closed  by  the  sash  to  be  tested.  An  electric  heater  in  the 
bottom  of  the  test  box  maintained  the  desired  temperature  dif- 
ference between  the  inside  and  outside  air.  The  loss  of  heat  was 
computed  from  wattmeter  readings,  and  the  heat,  in  B.t.u.,  trans- 
mitted per  2-i  hours  per  scjuare  foot  of  exposed  surface  per  degree 
difference  of  temperature,  was  determined  for  each  type  of  sash. 
Tests  were  made  at  approximately  40  deg.  and  70  deg.  fahr.  tem- 
perature difTerence,  under  conditions  closely  imitating  those  actu- 
ally met  in  practice.  Temperatures  of  the  air  both  inside  and 
outside  of  the  box  were  observed  by  means  of  accurate  thermom- 
eters, temperature  control  of  the  air  surrounding  the  box  being  care- 
fully provided  for.  The  circulation  of  air  over  the  surface  of  the 
sash  to  be  tested  was  provided  by  means  of  two  12-inch  fans.  The 
humidity  of  the  air  inside  the  box  was  kept  as  nearly  constant  as 
possible. 

In  conducting  the  tests  blank  runs  were  made,  with  the  fans  not 
in  operation,  the  object  being  to  obtain  the  rate  of  the  transmission 

Presented  at  the  Annual  Meeting  of  The  American   Society  of  Heating  and  Venti- 
lating Engineers,  New  York,  January,  1917. 

219 


220  Heat  Transmission  Through  Various  Types  of  Sash 

through  the  box  and  covering  under  the  conditions  of  the  main 
tests.  The  sash  tests  were  conducted  in  the  same  manner  except 
that  the  fans  were  operated.  The  computations  of  the  results  of 
the  tests  are  given  in  detail  in  the  paper  as  are  also  descriptions  of 
the  various  forms  of  sash  tested. 

The  results  of  the  tests  showed  that  the  heat  loss  is  greater 
through  the  single  glazed  sash  than  through  the  double  glazed  con- 
struction ;  that  it  is  greater  through  metal  than  through  wooden 
sash ;  that  it  is  greater  through  solid  metal  than  through  hollow 
metal  sash,  and  that  in  double  glazed  sash  it  decreases  with  in- 
creased air  spacings  between  the  panes  of  the  glass.  In  order  to 
ascertain  the  cause  of  the  much  greater  heat  transmission  rate 
through  steel  than  through  the  wood  or  hollow  metal  sash,  tem- 
peratures of  the  glass  and  sash  bars  were  taken  during  each  test. 
For  this  thermometers  were  used  inserted  in  a  chamber  in  a  2-in. 
cork  board,  which  was  titted  tight  against  the  surface  to  be  tested, 
and  it  was  believed  that  the  comparison  of  temperatures  was  fairly 
well  obtained.  The  tests  indicated  that  the  solid  steel  sash  bars 
constituted  direct  paths  for  the  transmission  of  heat  to  the  outside 
air.  The  hollow  metal  sash  bars  showed  some  advantage  over  the 
solid  steel  but  did  not  compare  with  the  wood.  The  results  of  the 
tests  are  given  in  both  graphical  and  tabular  form. 

In  order  to  emphasize  the  practical  application  of  the  experi- 
ments a  typical  problem  was  given,  namely,  to  determine  the  most 
economical  type  of  metal  sash  to  be  used  in  a  given  building,  assum- 
ing an  average  inside  temperature  for  the  heating  season  of  70  deg. 
and  an  average  outside  temperature  for  the  heating  season  of  35 
deg.  fahr.  The  problem  is  solved  by  the  author  using  data  from 
the  tests.  The  saving  in  fuel  by  one  type  of  double  glazed  sash 
might  be  considered  sufifiicient  to  warrant  the  additional  first  cost 
over  a  single  glazed  sash,  but  another  type  of  double  glazed  sash 
considered,  effected  some  fuel  saving,  but  was  shown  to  not  efifect 
suflficient  saving  to  prove  a  paying  investment. 

Later  in  the  paper  the  author  discusses  tests  made  to  determine 
the  cause  of  condensation  within  the  inner  space  in  double  glazed 
sash  and  methods  to  insure  its  prevention.  The  tests  showed  that 
condensation  appeared  on  single  glazed  sash  when  its  temperature 
was  low  enough  to  cool  the  air  confined  within  the  test  box  below 
the  dew  point.  With  the  double  glazed  sash,  however,  the  reason 
for  condensation  or  its  absence  was  not  so  apparent.  Where  con- 
densation occurred  in  the  air  space,  it  was  always  on  the  outside 
pane  of  glass  which,  of  course,  was  the  cooler  one.  The  wood 
sash  showed  no  internal  condensation  but  in  the  two  steel  sash. 
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condensation  was  very  marked  and  was  evident  in  the  hollow  metal 
sash.  Moreover,  on  the  metal  sash  the  deposition  of  moisture 
seemed  to  follow  no  obvious  law,  occurring  on  some  panes  and 
not  on  others. 

The  tests  determined  that  leaks  into  the  air  space  from  the 
inside  are  efifective  in  causing  condensation  and  that  leaks  from 
the  outside  do  not  have  this  effect.  Also  it  was  noted  that  the 
changes  in  temperature  creating  changes  in  pressure  within  the 
air  space,  caused  a  "breathing"  action  which  alternately  introduces 
and  expels  air  from  the  air  space.  The  warmer  air  from  inside 
the  building,  coming  in  contact  with  the  relatively  cool  exterior 
glass,  may  cause  condensation  upon  it,  while  the  cool  air  from 
outside  coming  in  contact  with  the  warm  interior  glass  becomes 
relatively  dryer. 

The  author's  conclusions  are  as  follows : 

"These  experiments  indicate  that  condensation  in  the  air  space  of  double- 
glazed  sash  can  be  eliminated  almost  entirely  by  connecting  the  air  space 
directly  to  the  outside  air,  and  at  the  same  time  effectively  sealing  it  from 
the  entrance  of  the  warm  air  widiin  the  building.  It  is  not  claimed,  how- 
ever, that  this  method  will  absolutely  prevent  condensation  at  all  times, 
for  extreme  climatical  conditions  might  arise,  such  as  continued  warm, 
humid  weather  out  of  doors  followed  b}'  a  sudden  and  extreme  drop  in 
temperature,  which  might  cool  the  confined  air  below  its  dew  point.  Con- 
densation caused  in  this  way,  however,  would  be  slight  and  temporar}', 
and  instead  of  accumulating,  would  eventually  dry  up  with  a  further  change 
of  atmospheric   conditions." 

"Whether  or  not,  as  a  practical  problem,  double-glazed  steel  sash  can  be 
constructed  with  the  inside  panes  sealed  and  an  opening  in  the  outside 
panes,  is  worthy  of  the  careful  consideration  of  steel  sash  manufacturers. 
In  attempting  such  a  design,  it  is  suggested  that  the  following  points  be 
considered : 

a  The  opening  should  be  very  small,  equivalent,  say,  to  a  %-in.  hole,  de- 
signed merely  for  a  communication,  during  temperature  changes,  between 
the  internal  air  space  and  the  outside  air.  A  large  opening  would  result 
in  direct  heat  loss  by  convection  from  the  air  space. 

b  From  the  standpoint  of  the  elimination  of  condensation,  the  location  of 
the  "breathing  hole"  seems  to  be  immaterial,  but  a  consideration  of  heat 
economy  would  indicate  that  the  bottom  of  the  light  is  preferable. 

c  The  "breathing  hole"  should  be  protected  from  the  weather  and  dirt. 

d  A  high-grade  elastic  putty  should  be  used.  On  account  of  wind  pressure, 
difference  of  expansion  between  steel  and  glass  (about  65  per  cent.), 
careless  setting,  etc.,  absolute  sealing  of  the  inner  panes  probably  will 
not  be  accomplished.  However,  these  tests  show  that  a  sufficient  degree 
of  tightness  can  be  obtained,  and  that  the  larger  part  of  the  "breathing" 
will  occur  through  the  opening  made  for  this  purpose. 

e     Leaks  between  air  spaces  should  be  eliminated. 
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"In  an  attempt  made  to  make  several  of  the  lights  air-tight  on  each  side, 
it  was  found  that,  on  the  appHcation  of  heat,  leaks  developed,  due  either  to 
the  different  expansion  coefficients  of  the  materials  or  to  the  fact  that  the 
pressure  in  the  air  space,  increasing  with  the  temperature,  was  sufficient  to 
force  a  channel  of  escape,  or  both.  Indeed,  if  such  an  opening  had  not 
been  forced,  the  plain  single-thick  glass  would  have  been  broken  by  the 
internal  pressure.  An  increase  in  temperature  of  only  32  deg.  fahr.  will 
create  a  pressure  of  1  lb.  per  sq.  in.  on  the  glass,  or  a  total  pressure  of  200 
lb.,  which  was  found  by  actual  experiment  to  be  sufficient  to  break  the  single- 
thick  pane.  The  reason  why  some  of  those  lights  which  had  been  puttied 
tightly  each  side  showed  condensation  and  some  did  not,  is  now  apparent; 
that  is.  on  heating  up,  leaks  were  developed  either  to  one  side  or  the  other, 
condensation  appearing  or  being  absent  according  to  the  above  laws." 

"The  results  of  these  tests  should  not  be  construed  as  indicating  that  double- 
gla7ed  wood  sash  never  show  interior  condensation,  but  merely  that  they  are 
superior  to  steel  and  hollow  metal  sash  in  this  respect  in  the  present  stage 
of  development  of  the  latter  types." 


DISCUSSION 

Wm.  J.  Balwin  :  I  might  add  something  to  the  knowledge  of 
heat  loss  through  one,  two  and  three  panes  of  glass,  set  in  the  way 
this  paper  indicates.  Some  experiments  were  made  by  Gen.  Meiggs, 
Quartermaster-General,  U.  S.  A.,  when  the  Patent  Office  was  built. 
At  that  time  he  made  experiments  in  which  I  suppose  he  used  wooden 
sash  so  the  questions  of  pressure  between  the  panes  of  glass  due  to 
the  heating  or  cooling  of  the  air  would  be  negligible.  He  estab- 
lished a  rough  rule,  which  I  think  is  of  importance.  He  found 
approximately,  that  if  the  heat  transmitted  through  the  first  pane 
of  glass  was  represented  by  3,  the  heat  through  the  next  would  be 
represented  by  2,  and  the  heat  through  the  second  pane  if  represented 
by  3  again,  the  loss  through  the  third  would  be  2.  The  heat  that 
would  be  lost  through  a  single  pane  of  glass  would  be  conserved  by 
the  second  pane,  and  so  on  for  each  additional  pane.  No  matter 
how  many  panes  there  were  there  would  be  some  loss.  Each  addi- 
tional pane  would  conserve  two-thirds  of  all  the  heat  that  passed 
through  the  one  inside  of  it. 

F.  K.  Davis  :  With  wooden  sash,  it  is  almost  a  physical  impossi- 
bility to  get  both  panes  tight — moisture  gets  in,  and  you  still  have 
heat  loss.  With  single  glazing,  after  two  or  two  and  one-half  years, 
it  is  almost  impossible  to  find  a  tight  pane  of  glass.  So  far  as  metal 
sash  is  concerned,  the  expansion  of  the  metal  is  such  that  it  is  prac- 
tically impossible  to  get  anything  that  will  make  an  air  tight  joint.  I 
have  tried,  and  have  used  almost  everything  from  putty  to  marine- 
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glue,  but  never  found  anything  that  would  stick.  We  have  treated  the 
metal,  ground  it  down  and  got  a  new  surface,  treated  it  with  acid — 
in  fact  tried  almost  everything  to  get  something  that  would  stick,  but 
we  never  got  anything.  "Smooth-on"  will  stick  to  iron,  but  not  to 
glass.  Rubber  or  felt  will  not  stick  with  it.  While  in  laboratory 
experiments  one  may  get  something  that  seems  nearly  tight,  on  a 
building  it  would  be  almost  impossible.  I  have  never  seen  anything 
that  approximated  a  tight  joint,  with  metal  sash. 

I  have  tested  fire-proof  windows,  but  they  are  not  very  efficient. 
One  of  the  prominent  hotels  had  cast-iron  sash,  with  hollow  bronze 
on  the  inside,  probably  of  metal  %  in.  thick.  The  results  were 
very  discouraging.  After  spending  about  $3,000  on  twelve  of  the 
outside  windows,  they  spent  an  additional  $1,000  trying  to  make  the 
inside  bronze  ones  tight.  They  only  improved  conditions,  but  they 
did  not  cure  them. 

So  far  as  leakage  through  glass  is  concerned,  I  think  the  greatest 
trouble  with  windows  is  due  to  the  leakage  around  the  windows.  In 
figuring  a  building  with  plate  glass  windows,  if  we  take  60  per  cent 
of  the  glass  area  and  use  this  as  a  ratio,  we  would  never  have  trouble  ; 
if  there  are  excessive  losses,  add  this  to  it. 

Wm.  J.  Baldwin  :  In  regard  to  Gen.  Meiggs,  I  think  we  should 
give  l;im  credit  for  knowing  what  he  was  doing.  He  had  an  associate 
(I  believe  the  immortal  Robt.  Briggs,  whose  name  is  associated  with 
the  American  pipe  thread  standards),  and  they  were  measuring 
heat  transmission  through  walls  of  glass.  So  far  as  the  passage 
of  air  was  concerned,  the  air  leakage  must  have  been  small.  As  I 
understand  it,  the  leakage  is  simply  due  to  the  increment,  due  to  the 
difference  in  temperature  between  walls  of  glass,  and  therefore 
when  the  air  from  inside  the  building  passed  between  these  walls 
of  glass,  frost  appeared  on  the  outer  glass.  When  the  leakage  was 
from  the  outside  glass,  there  was  no  condensation.  This  is  the  only 
leakage  the  paper  takes  into  consideration,  I  believe. 

The  discussion  of  a  previous  paper,  on  underground  conduits, 
might  be  considered  in  this  way.  If  we  take  250  B.t.u.  as  the  unit 
of  condensation  in  a  radiator  (or  it  may  be  as  great  as  300  B.t.u.) 
and  if  we  can  establish  it  in  our  minds  that  the  average  condensation 
in  the  mains  is  about  one-tenth  of  what  takes  place  in  an  ordinary 
radiator,  we  have  a  good  average  to  commence  with. 

In  my  experience,  I  have  had  about  four  miles  of  pipe  under- 
ground, in  a  plant  in  the  South,  where  the  power-house  was  on  a  hill. 
The  low  points  had  traps  to  send  the  condensation  back.  We 
roughly   established    the    fact   that   in   pipe   covered    with    Wyckoff 
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covering  in  the  ground  the  condensation  was  only  about  one-tenth 
that  of  an  uncovered  radiator  in  a  room.  The  work  of  an  uncov- 
ered radiator  can  be  taken  as  a  standard,  and  if  we  know  that  the 
condensation  of  the  well  covered  main  is  between  one-tenth  and  one- 
twentieth  of  that,  we  will  not  make  much  of  an  error.  These  are, 
of  course,  rough  Shop  rules. 

Prof.  J.  R.  Allen  :  All  the  work  we  have  been  doing  was  through 
the  sash.  I  have  not  considered  double  windows,  or  metal  sash. 
It  is  my  opinion  that  it  is  not  practicable  to  use  double  sash ;  double 
windows  are  preferable,  and  they  are  better  than  double  sash. 

Regarding  leakage  around  the  windows,  we  find  that  the  transmis- 
sion through  an  air  tight  sash  is  1.48,  or  very  close  to  it.  That 
is,  this  refers  to  actual  transmission  and  not  to  air  leakage.  Air 
leakage  around  the  glass  must,  of  course,  be  added  to  the  transmis- 
sion as  shown  by  the  co-efificient. 

The  President  :  That  co-efficient  would  still  be  readily  calculated 
for  two  or  three  thicknesses  of  glass,  would  it  not  ? 

M.  S.  CooLEY :  Speaking  of  double  glass  and  sash,  and  trouble 
with  leakage  of  wooden  sash,  eventually  the  sash  that  Mr.  Baldwin 
speaks  of  must  have  been  better  than  those  we  generally  get  in 
practice.  You  cannot  get  double  glass  sash  so  that  it  will  be  abso- 
lutely satisfactory.  You  have  not  room  enough  to  wash  the  inside 
of  the  glass  and  eventually  it  gets  so  dusty  that  you  cannot  see 
through  the  glass.  This  is  evidence  of  considerable  leakage.  We 
have  run  up  against  condensation  on  show  windows  that  did  not  have 
metal  sash,  and  always  let  the  air  in  from  the  outside  to  overcome 
the  difficulty. 

F.  K.  Davis:  The  question  of  double  glazing  as  it  is  done  in  a 
laboratory  is  quite  dififerent  from  the  proposition  you  are  up  against 
on  a  building.  The  metal  sash  proposition  that  has  entered  into  the 
building  construction  by  the  Underwriters'  ruling,  is  the  curse  of  the 
heating  trade.  It  has  caused  the  question  whether  it  would  not  be 
better  to  pay  the  extra  insurance  premium  and  pay  for  less  coal, 
which  would  about  equal  it.  The  life  of  an  ordinary  commercial 
metal  window  is  only  ten  years,  and  the  iron  covered  sash  is  less 
than  that.  We  must  bear  this  in  mind — elaborate  double  glazing  has 
been  tried  and  it  is  almost  forgotten. 


No.  439 
SYNTHETIC  AIR  CHART 

By  E.  Vernon  Hill,  Chicago,  III. 
Member 

Note.  For  the  subject  of  or»e  of  the  Topical  Discussions  at  the  recent  Annual 
Meeting,  Dr.  E.  Vernon  Hill  was  called  upon  to  describe  the  Synthetic  Air  Chart  that 
he  has  developed  for  use  in  the  testing  of  ventilation.  This  chart  was  exhibited  at  the 
nteeting  as  shown  on  page  226.  and  the  description  given  of  it  is  of  exceptional  interest. 

ON  several  occasions,  as  most  of  you  are  aware,  I  have  argued 
for  the  adoption  of  certain  standards  in  ventilation  testing — 
standard  methods  and  standards  of  comparison.  It  seems  to 
me  that  this  is  a  problem  that  it  is  essential  we  should  solve  before 
any  marked  progress  is  made  in  mechanical  design.  It  is  evident  to 
you  that  unless  we  can  establish  standards  for  comparing  the  results 
obtained  in  different  installations,  in  other  words,  if  we  cannot  tell 
accurately  when  one  equipment  is  better  than  another,  our  progress 
in  the  line  of  improvement  in  mechanically  ventilated  buildings  will 
be  slow  indeed. 

The  Chart  which  I  present  is  my  solution  for  this  problem.  It  is 
arranged  for  recording  tests  of  all  the  various  factors  that  influence 
air  conditions  in  a  rooni  and  of  giving  certain  weights  to  each  factor 
and  from  these  weights  to  determine  the  percentage  of  perfect 
ventilation. 

All  of  these  factors  enumerated  at  the  top  of  the  chart  are  more  or 
less  familiar  to  you,  with  the  possible  exception  of  those  in  the  first 
column.  This  column  shows  the  relation  between  temperature, 
humidity  and  air  motion.  On  the  left-hand  border  of  the  chart  is 
found  the  dry  bulb  temperature ;  at  the  base  of  the  chart  the  velocity 
of  air  in  feet  per  minute.  The  curves  represent  the  percentage  of 
relative  humidity.  This  part  of  the  chart  was  not  arbitrarily  plotted, 
but  is  the  result  of  a  series  of  tests  conducted  in  a  specially  prepared 
room  during  the  past  two  months.     The  space  and  equipment  were 
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furnished  lis  through  the  courtesy  of  A.  H.  Schroth  of  the  firm 
of  Cameron  &  Schroth,  Chicago,  111. 

The  room  was  about  12  x  20  ft.  in  area,  with  a  show  window  at  one 
end.  At  the  other  end  of  the  room  a  40  in.  blower,  furnished  by  the 
Batterman-Truitt  Co.,  was  located  about  14  in.  from  the  floor.  The 
fan  was  equipped  with  speed  control.  In  another  part  of  the  room 
was  placed  an  excessive  amount  of  direct  radiation,  so  screened  that 
the  observer  was  not  subjected  to  the  radiant  heat.  A  steam  jet 
humidifier  was  installed  near  the  ceiling  to  provide  any  desired 
amount  of  moisture  to  the  air.  The  equipment  was  so  arranged 
that  any  temperature  between  50  and  100  deg.,  any  humidity  from  20 
to  100  per  cent.,  and  any  air  motion  from  0  to  2,000  ft.  per  min. 
could  be  maintained. 

The  subjects  w^ere  placed  in  a  comfortable  position  at  a  given  dis- 
tance in  front  of  the  fan  outlet  and  various  combinations  of  tempera- 
ture, humidity  and  air  motion  were  maintained  for  certain  periods 
and  the  points  plotted  where  the  observer  was  comfortable.  This 
portion  of  the  chart  occupies  one-third  of  the  entire  area  and 
theoretically  its  range  is  from  the  ideal  to  a  condition  where  life 
would  cease  to  exist. 

The  second  part  of  the  chart  combines  dust,  bacteria  and  odors, 
each  given  a  certain  weight  of  the  whole.  Theoretically  this  part  of 
the  chart  ranges  from  ideal  conditions,  which  would  be  air  free  from 
dust,  free  from  bacteria  and  entirely  free  from  odors,  to  a  point 
where  the  amount  of  dust,  bacteria  and  odors  would  be  such  that 
life  could  not  exist. 

The  third  portion  of  the  chart  is  for  air  supplied  in  cubic  feet 
per  minute,  with  carbon  dioxide  as  a  means  for  measuring  the  air 
supply,  forming  its  appropriate  part  of  the  chart.  The  theoretical 
range  is  from  ideal  outdoor  conditions,  which  would  be  four  parts 
of  CO,  or  an  infinite  supply  of  air,  up  to  312  parts  of  CO,,  or 
approximately  one-third  of  a  cubic  foot  of  air.  If  the  air  supply 
becomes  less  than  this,  life  would  cease  to  exist. 

The  next  column  is  for  distribution.  The  distribution  in  per- 
centage is  calculated  by  determining  to  what  extent  the  CO^  in 
various  parts  of  the  room  varies  from  the  average.  The  last  column 
is  arranged  for  noting  the  percentage  of  perfect. 

Each  of  the  three  columns  contains  1,000  squares,  and  each 
theoretically  is  complete  in  itself  and  represents  conditions  from  the 
ideal,  which  is  the  base  line,  to  the  unlivable.  For  convenience,  and 
because  the  lower  one-third  of  the  chart  only  is  of  value  the  upper 
two-thirds  is  discarded  and  we  now  have  a  chart  with  a  total  of  1,000 
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squares,  the  base  line  indicating  ideal  conditions  and  the  upper 
margin  conditions  where  life  would  cease  to  exist. 

In  plotting  test  results,  the  number  of  dust  particles,  the  number 
of  bacteria,  etc.,  are  represented  by  horizontal  lines  across  the 
appropriate  column,  and  the  number  of  squares  below  the  line  sub- 
tracted from  those  above.  The  first  column,  that  of  temperature, 
humidity  and  air  motion,  is  used  in  a  slightly  different  manner.  A 
point  is  noted  on  the  relative  humidity  curve  which  is  the  observed 
humidity  from  test,  this  point  coinciding  with  the  velocity  of  air, 
that  is,  the  air  motion  also  observed  from  test.  Horizontally  to  the 
left  of  this  point  on  the  margin  of  the  chart  will  be  found  the  dry 
bulb  temperature  desirable  for  this  air  motion  and  humidity.  The 
difference  between  this  dry  bulb  temperature  and  the  dry  bulb  tem- 
perature actually  noted  by  test  is  the  amount  of  penalization,  and 
for  convenience  this  amount  is  transferred  to  the  base  of  the  chart 
and  measured  off  at  a  distance  above  the  base  line. 

Having  completed  the  record  line  from  test  the  total  number  of 
squares  below  the  test  line  are  subtracted  from  1,000  and  the  result 
noted  in  the  last  column,  that  is  the  "percent  of  perfect." 

H  you  are  willing  to  grant  that  weights  given  the  various  factors 
are  true,  it  is  evident  that  the  calculated  percentage  will  also  be  true, 
and  we  have,  therefore,  a  valuable  means  of  comparing  the  air  condi- 
tions in  any  room,  whether  it  be  ventilated  by  a  mechanical  equip- 
ment, by  the  use  of  windows,  or  by  any  other  method.  We  also  have 
a  convenient  means  of  comparing  the  efficiency  of  various  mechanical 
equipments  and  determining  wherein  they  excel  or  are  at  fault. 

DISCUSSION 

Prof.  R.  C.  Carpenter  :  I  would  like  to  know  what  your  stand- 
ards for  odors  are  ?  I  have  been  engaged  in  an  investigation  of  this 
kind,  but  having  no  standard,  as  a  consequence  had  lots  of  trouble. 
The  question  I  had  under  investigation  was  finally  taken  to  a  court 
for  settlement.  The  witnesses  in  the  case  did  not  agree  respecting 
matters  of  fact,  as  about  100  swore  that  the  plant  under  investigation 
did  not  "stink,"  and  about  the  same  number  that  it  did.  The  ques- 
tion of  odor  is  an  involved  one,  and  likely  to  lead  to  differences  of 
judgment  and  opinion.  Now,  how  can  we  determine ;  first,  whether 
a  room  does  smell,  and  v/hether  it  is  80  per  cent  or  20  per  cent 
odorous  ? 

The  effect  of  air  motion,  as  compared  with  change  of  temperature, 
on  the  heat  interchange  is  of  a  good  deal  of  interest.    The  movement 
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of  air  does  give  relative  effects  as  shown,  but  is  there  not  an  absolute 
determination?  I  have  not  been  able  to  find  any  investigations  of 
the  heat  units  taken  up  by  the  air  at  different  velocities  that  I  con- 
sider reliable.  Engineers  have  arrived  at  some  approximations  as 
to  the  effect  of  wind,  but  they  are  very  indefinite.  If  the  Doctor 
has  some  accurate  figures,  I  should  like  to  know  the  standard  for 
the  reduction  of  the  air  temperature  to  the  equivalent  factor  of 
temperature  changes. 

Wm.  J.  Baldwin  :  Prof.  Carpenter  has  raised  an  idea  that  I 
would  like  to  have  a  little  light  on.  We  have  all  traveled  across  the 
country  in  the  trains,  and  in  passing  to  the  windward  of  a  train-load 
of  pigs,  we  know  we  get  the  smell.  Perhaps  there  is  something  more 
than  movement  of  the  air  to  produce  this.  In  this  particular  case, 
we  might  have  a  movement  of  the  air  of  20  miles  per  hour  away 
from  us  and  still  have  this  odor.  We  have  all  thought  of  this,  no 
doubt,  but  can  we  establish  some  rule  whereby  we  can  arrive  at 
something  definite?  Is  it  gaseous  diffusion  and  is  the  movement  of 
this  diffusion  great  enough  to  overcome  a  wind  movement  of  say  20 
miles  an  hour?  The  smell  of  smoke  is  also  noticed  some  distance 
to  the  windward  of  a  fire. 

Frank  K.  Chew:  Dr.  Hill  is  a  member  of  the  Illinois  Chapter 
and  of  the  Council,  and  he  has  given  us  a  mighty  interesting  paper. 
I  hope  that  we  shall  have  some  more  action  from  him.  That  is  my 
appreciation  of  his  good  work. 

Dr.  E.  V.  Hill  :  Replying  to  Professor  Carpenter's  remarks  re- 
garding the  determination  of  odors,  I  must  confess  that  this  is  a 
difficult  proposition.  We  have  tried  several  methods.  The  first  was 
to  adopt  certain  percentages  represented  by  different  words,  such  as 
Excellent  (90)  ;  Fair  (80)  ;  Bad  (70),  etc.,  and  tried  to  arrive  at  a 
unanimous  decision  among  observers  regarding  the  use  of  these 
terms.  This,  however,  was  not  satisfactory  owing  to  the  differences 
in  individuals  making  the  tests. 

Our  later  experiments  along  this  line  have  proven  somewhat  more 
satisfactory.  We  are  using  a  preparation  of  what  we  call  Standard 
Odor  Solutions  having  various  degrees  of  cencentration  to  represent 
various  percentages.  The  inspector  takes  these  solutions  in  small 
vials  and  endeavors  to  approximate  the  strength  of  the  odors  in  a 
room  with  one  of  the  test  solutions,  indicating  the  percentage  th^t 
comes  nearest  to  the  observation  made.  This  is  the  best  we  have 
been  able  to  do  up  to  the  present  time. 

With  regard  to  the  relation  between  humidity  and  air  motion,  I 
tried  to  make  it  clear  that  the  tests  were  conducted  with  a  large 
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number  of  varying  combinations  and  curves  plotted  from  these  tests. 
It  is  evident  to  any  one  that  test  data  of  this  character  is  not  exact 
and  some  "fudging"  is  allowable  to  make  the  curves  smooth. 

Prof.  R.  C.  Carpenter:  I  would  suggest  that  it  would  be  very 
valuable  if  the  data  on  these  tests  could  be  submitted. 

Dr.  E.  V.  Hill:  These  test  data  will  be  arranged  and  written 
up  for  presentation  before  the  Society  at  a  later  meeting. 

Chas.  R.  Bishop  :  In  making  the  experiments  for  point  of  com- 
fort, did  you  change  the  observer?  In  other  words,  would  three  or 
six  or  ten  men  all  be  comfortable  at  the  same  point? 

Dr.  E.  V.  Hill:  We  used  seven  subjects  in  all  for  the  tests  re- 
ferred to,  and  considerable  study  and  attention  was  given  to  the 
idiosyncrasies  of  the  subjects.  For  example,  one  of  the  subjects  is 
in  the  habit  of  always  wearing  his  coat,  even  in  the  warmest  weather 
— consequently  he  wore  his  coat  during  all  the  tests.  Those  who  are 
in  the  habit  of  working  with  their  coats  off  removed  their  coats 
during  the  tests. 

The  President  :  I  believe  that  this  chart  is  just  a  forerunner  of 
a  clause  that  we  will  use  in  specifications,  such  as :  "The  air  condi- 
tions under  actual  working  observations  shall  show  an  efficiency  of 
90  per  cent,"  or  some  other  correct  percentage.  This  will  cover  the 
whole  field.  Certainly  it  is  a  very  ingenious  way  of  presenting  the 
matter  so  that  it  will  be  valuable  for  keeping  records,  where  a  num- 
ber of  tests  are  to  be  made.  There  is  no  doubt  but  that  the  results 
after  a  year's  observations  will  be  extremely  interesting. 


No.  440 

ARTIFICIAL  DRYING.  WITH  SPECIAL 
REFERENCE  TO  THE  USE  OF  GAS 

By  Gilbert  C.  Shadwell,'  Brooklyn,  N.  Y. 
Non- Member 

UNTIL  recently  little  was  known  of  the  subject  of  drying. 
There   existed    (and  there  still  exists  in  many  quarters) 
confused   ideas    of   this    important   work   which    are    due, 
probably,    to    an    imperfect    appreciation    of    ordinary    common 
phenomena  which  are  taking  place  daily  in  our  midst. 

With  some  the  idea  of  drying  is  associated  with  heat;  this 
probably  is  due  to  the  efifect  of  heat  in  removing  moisture  from 
various  substances.  With  others  the  thought  is  prevalent  that 
wind  effects  drying;  this  probably  is  born  of  the  effect  that  the 
wind  has  in  drying  sidewalks,  roads,  etc.,  after  a  shower. 

A  little  thought  will  show  that  drying  is  neither  accomplished 
directly  by  heat  or  by  air  alone,  but  that  air  is  a  common  and 
convenient  medium,  which,  if  properly  applied,  can  absorb  water 
or  moisture.  In  order,  therefore,  that  air  may  be  used  effectively 
and  economically  for  the  purpose,  it  is  essential  that  its  proper- 
ties be  studied  carefully. 

Air  is  capable  of  "dissolving"  water  in  practically  the  same  way 
that  water  is  capable  of  dissolving  any  such  substance  as  sugar 
or  salt,  and  in  view  of  the  fact  that  this  has  a  most  important 
bearing  on  the  subject,  the  analogy  will  be  carried  further.  Water 
at  any  temperature  will  take  up  only  a  certain  amount  of  sugar 
or  other  solid  solution.  Beyond  a  certain  point  (termed  the 
saturation  point)  no  more  sugar  can  be  dissolved  by  the  water  if 
the  temperature  rerriain  the  same.  In  order  to  absorb  more  sugar 
or  salt  in  the  same  volume  of  water,  the  temperature  of  the  water 
must  be   raised.      Moreover,   the   process   of  absorption   of  the 
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sugar  or  salt  will  be  materially  accelerated  if  the  water  be  put 
in  motion. 

Again,  it  is  well  known  that  if  sugar  be  added  to  a  glass  of 
water,  the  water  will  absorb  most  of  the  sugar  at  the  nearest 
point  of,  contact,  which  will,  of  course,  be  at  the  bottom  of  the 
glass.  If  the  liquids  be  allowed  to  remain  unagitated  it  may- 
take  days  or  weeks  for  the  point  of  saturation  to  be  reached. 
So  in  order  that  complete  saturation  or  absorption  may  come 
about  at  any  one  temperature,  every  molecule  of  the  water  must 
be  brought  into  contact  with  every  molecule  of  the  solid  and 
this  is  accomplished  far  more  rapidly  by  stirring  the  liquid. 
We  may  drop  in  several  lumps  of  sugar  in  our  tea  or  cofifee  and 
yet  even  at  the  end  of  five  or  ten  minutes,  the  tea  or  cofifee 
at  the  top  of  the  cup  will  not  be  appreciably  sweet,  whe,reas 
the  liquid  at  the  bottom  will  contain  a  very  high  percentage  of 
sugar  in  solution.  It  is  for  this  reason  that  we  stir  the  cofifee  in 
order  to  obtain  uniformity  of  sweetness,  or  in  other  words, 
uniformity  of  sugar  in  solution. 

Too  much  emphasis  cannot  be  laid  on  this  simple  fact  because 
the  principle  of  drying  where  air  is  the  medium,  is  almost  exactly 
the  same  as  the  absorption  of  a  solid,  such  as  sugar  or  salt,  by 
water.  There  are  thousands  of  dry  rooms  throughout  the  country 
which  have  in  them  gas  burners,  steam  coils,  or  other  sources  of 
heat,  and  w^hich  have  no  air  outlet.  They  are,  in  efifect,  merely 
sweat  rooms — they  are  exceedingly  inefficient.  They  only  accom- 
plish results  partially  and  even  so,  take  a  far  longer  time  to  do 
this  partial  work  than  is  necessary.  It  is  a  great  mistake  that 
such  installations  are  still  made. 

In  some  cases  these  sweat  rooms  have  effected  a  fraction  of 
the  solution  of  the  problem  by  the  use  of  fans  on  the  ceiling  or 
elsewhere  so  as  to  keep  the  air  in  motion  and  bring  about  a 
condition  somewhat  analogous  to  the  stirring  of  the  cup  of  cofifee 
with  sugar  in  it.  But  it  is  at  once  apparent  that  these  fans  merely 
churn  the  air,  and  as  all  the  moisture  is  kept  in  the  room,  that  this 
air  without  being  changed,  cannot  be  of  any  use  for  drying  when 
once  it  has  reached  the  point  of  saturation. 

It  is  true  that  there  are  certain  operations  which  demand  a 
circulation  and  recirculation  of  the  same  volume  of  air  several 
times  through  a  dry  room  before  it  is  finally  discharged  into  the 
outside  atmosphere,  but  the  large  majority  of  drying  problems 
are  served  best  by  blowing  properly  heated  air  into  the  dry  room, 
then  bringing  it  into  intimate  contact  with  the  products  to  be 
dried,  and  finally  allowing  it  to  be  discharged  from  the  room. 
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Two   ideas   must   be   kept   absolutely   separate   and    distinct: 

First,  the  air  must  be  kept  in  motion,  and  second,  its  temperature 
must  be  such  that  its  relative  humidity  is  low. 

It  is  possible  and  perfectly  feasible,  and  is  moreover  common 
practice,  to  accomplish  drying  at  as  low  a  temperature  as  70  deg. 
fahr.  This  is  resorted  to  extensively,  in  the  drying  of  products 
which  will  not  stand  a  higher  temperature,  such  as  the  drying  of 
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FIG.   1.     DT.\CRAM  SHOWING  QUANTITY  OF  MOISTURE  CONTAINED  IN   1   LB. 
OF  AIR  AT   SATURATION   FOR   DIFFERENT  TEMPERATURES 

motion  picture  films,  etc.  In  such  cases  the  air  is  first  of  all 
"squeezed"  dry  of  its  moisture  by  means  of  refrigerating  it  and 
afterwards  this  dry  air  has  its  temperature  raised  to  the  required 
degree  by  a  means  hereafter  described. 

All  have  noticed  the  ice  which  accumulates  on  the  outside  of 
the  ammonia  pipes  in  a  refrigerating  plant  and  are  no  doubt 
aware  that  this  ice  is  formed  from  the  water  or  moisture  which 
IS  condensed  from  the  air  in  the  room,  because  its  temperature 
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has  been  reduced  so  much,  that  it  cannot  retain  all  the  moisture 
which  it  carried  at  the  higher  temperature ;  so  dew  forms  on  the 
pipes  and  is  frozen.  If  air  which  was  saturated  at  32  deg.  fahr., 
has  its  temperature  raised  to  70  deg.,  it  will  be  very  dry,  having  a 
relative  humidity  of  only  about  18  per  cent. 

As  a  drying  medium  air  costs  nothing;  70  cu.  ft.  of  manufac- 
tured city  gas  will  raise  the  temperature  of  20,000  cu.  ft.  of  air 
from  70  deg.  to  170  deg.  fahr.,  or  10,000  cu.  ft.  of  air  from  70 
deg.  to  270  deg.  fahr.,  with  an  air  heater  to  be  described  later. 
Then  20,000  cu.  ft.  of  air  at  170  deg.,  if  saturated,  will  carry  away 
more  than  25  lb.  of  water;  10,000  cu.  ft.  of  air  at  870  deg.  fahr., 
would  carry  away  an  infinite  amount  of  moisture  (because  this 
temperature  is  above  the  boiling  point  of  water)  if  the  air  con- 
tained sufficient  heat  to  evaporate  the  water. 

If  air  with  100  per  cent,  humidity  and  at  70  deg.  fahr.,  be  passed 
through  this  air  heater  so  as  to  increase  its  temperature  to  80 
deg.  fahr.,  its  humidity  will  then  be  reduced  to  less  than  75  per 
cent.  If  its  temperature  be  increased  to  170  deg.,  then  its  humid- 
ity will  be  reduced  below  0.09  per  cent.  This  air  will  be  very 
much  drier  than  is  ever  found  in  nature  and  will  absorb  moisture 
very  rapidly  indeed. 

A  concrete  example  will  illustrate  this :  If  saturated  air  at 
say,  70  deg.  fahr.  has  its  temperature  increased  only  10  deg.,  it 
can  then  absorb  almost  as  much  more  water  as  it  carried  at  70  deg. 
and  still  have  a  humidity  of  less  than  100  per  cent.  This  is  clearly 
seen  from  Fig.  1  which  shows  the  quantity  of  moisture  that  one 
pound  of  air  will  contain  when  saturated  at  dififerent  tempera- 
tures. 

The  hotter  the  air  the  more  moisture  it  can  carry.  10,000 
cu.  ft.  of  air  at  270  deg.  fahr.,  contains  sufificient  heat  to  evaporate 
more  than  50  lb.  of  water,  but  in  so  doing  it  gives  up  some  of 
its  heat,  bringing  the  air  again  below  the  boiling  point  of  water. 
From  this  it  is  evident  that  to  carry  away  this  amount  of  moisture 
efficiently,  about  twice  this  quantity  of  air  should  be  figured. 

At  this  point  it  is  very  important  to  grasp  clearly  the  difference 
between  the  heating  of  products  in  an  oven,  and  the  drying  of 
such  articles  as,  let  us  say,  clothes,  paper,  etc.,  in  a  dry  room. 

An  oven  load  of  lacquered  or  japanned  goods  has  but  an  in- 
finitesimal fraction  of  soluble  vapor  to  the  total  air  in  the  oven, 
so  that  this  quantity  of  air  is  well  able  to  take  care  of  the  vapor 
as  a  rule.  The  heating  of  products  in  an  oven  such  as  lacquered 
or  japanned  goods  is  strictly  a  baking  proposition  and  although 
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they  become  dry,  it  is  not  the  same  kind  of  drying  as  takes  place 
when  wet  products  are  dried  in  a  dry  room. 

Meat,  bread,  etc.,  when  placed  in  an  oven  are  not  dried  in  the 
proper  sense  of  the  word,  although  they  may  give  up  some  of 
their  moisture,  but  the  physical  and  chemical  compositions  oi 
such  products  are  definitely  changed  and  we  call  this  change 
"baking."      It   is    therefore    probably   a    confusion    between    the 


Air  Inlet  (for  connection 
to  Blower  of  proper  ca- 
pacity with  pressure  sys- 
tem) 


FIG.   2.      TYPE   OF   AIR   HEATER   USED    FOR   DRYING    PURPOSES 


processes  of  baking  and  drying  which  has  led  many  people  astray. 

The  problem  of  heating  this  air  efficiently  in  order  to  increar-c 
its  moisture-carrying  capacity  is  the  one  of  most  interest  to  all 
of  us,  because  this  problem  appears  in  nearly  every  drying  opera- 
tion. Experiments  have  shown  that  nothing  will  absorb  moisture 
so  quickly  as  warm,  dry  air  in  motion. 

In  order  to  use  heated  air  for  drying  so  that  results  will  be 
entirely  satisfactory  it  must  be  heated  ef^ciently  and  this  has 
taken  many  years  of  thought  and  experimentation  on  the  part  of 
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engineers.  The  mere  heating  of  air  by  the  means  previously  in 
vogue  would  have  been  a  great  handicap  to  success  owing  to 
their  inefficiency,  but  this  has  been  overcome  by  the  use  of  a  type 
of  air  heater  or  hot  air  generator,  which  is  shown  in  Fig.  2,  the 
construction  of  which  is  described  later.  This  heater  in  conjunc- 
tion with  the  proper  size  of  blower,  supplies  air  abundantly  and 
efficiently.  By  the  proper  application  of  warm,  dry  air,  the  time 
of  many  drying  operations  may  be  reduced  80  per  cent,  or  even 
more  By  the  application  of  the  air  heater,  which  I  am  about 
to  describe,  to  some  of  the  so-called  dry  rooms  now  in  use  highly 
satisfactory  results  will  supersede  discouraging  failure. 

The  air-heater  above  mentioned  is  built  like  a  vertical  tube 
steam-boiler  and  looks  somewhat  like  one.  Into  a  heavy  steel 
boiler  head  are  fastened  steel  boiler  tubes  in  the  same  way  as 
they  are  fitted  into  the  tube  sheet  of  a  steam  boiler  and  the  hot 
flue  gases  pass  through  them.  The  body  is  well  insulated  with 
air-cell  asbestos  which,  in  turn,  is  covered  with  sheet  steel  for 
protection.  The  air  inlet  is  placed  at  the  top.  This  enters  tan- 
gentially  so  that  cold  air  enters  the  heater  at  a  tangent  and 
circulates  between  the  hot  tubes,  passes  downward  and  strikes 
a  baffle  which  directs  it  against  and  over  the  hot  flame  plate 
before  reaching  the  outlet.  The  direction  of  the  air  is,  thus, 
contrary  to  the  flow  of  heat  which,  together  with  the  large 
amount  of  heating  surface,  makes  for  the  maximum  efficiency. 
The  base,  or  furnace,  is  made  of  sheet  steel  lined  with  insulating 
material.  A  baffle  is  placed  beneath  the  burner  to  direct  sec- 
ondary air  and  to  prevent  any  overheating  of  the  floor.  A  hood 
with  flue  collar  is  provided  at  the  top. 

Calculation  of  the  size  of  heater  to  use  on  any  particular  instal- 
lation is  very  simple.  Experience  has  shown  that  it  is  desirable 
to  change  the  air  in  the  average  dry-room  from  two  to  five  times 
per  minute  and  the  air  should  be  supplied  at  the  highest  tem- 
perature which  the  material  to  be  dried  will  stand.  The  proper 
temperatures  for  different  materials  are  given  in  Table  1. 

When  high  temperatures  are  used  for  drying,  that  is,  tempera- 
tures above  250  deg.  fahr.,  the  oven  or  dry-room  must  be  well 
insulated  to  prevent  the  loss  of  heat  through  its  walls.  Also 
the  distribution  of  the  heated  air  is  important.  It  is  necessary 
that  the  heated  air  from  the  heater  be  distributed  directly  to  the 
product  to  be  dried  by  means  of  air  ducts  or  pipes.  If  the  air 
be  merely  blown  into  the  dry-room,  most  of  it  will,  except  in  rare 
cases,  pass  around  the  sides  of  the  product  next  to  the  walls  of  the 
room  and  be  wasted.    Great  care  should  be  used  in  the  arrange- 
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ment  of  the  product  to  be  dried,  to  see  that  the  air  will  circulate 
through  or  about  every  particle  of  it ;  the  results  will  repay  the 
efifort. 

In  calculating  drying  proljlems,  if  greater  accuracy  be  required, 
Table  2  may  be  employed.  Column  A  of  the  table  shows  the  air 
temperature  leaving  the  heater  to  enter  the  dry-room  ;  columns 
B  and  D  give  the  greatest  possible  amount  of  moisture  which  can 
be  absorbed  at  each  temperature ;  columns  C  and  F  show  how 
much  air,  when  saturated,  will  take  up  1  lb.  of  water.  The 
method  can  best  be  illustrated  by  an  example. 

Exhausf-  Damper 


Alt  Irrtake 
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FIG.  3.     METHOE>  OF  DRYING  BY  BLOWING  AIR  THROUGH  AIR  HEATER 
AND    DRV-ROOIVr. 


TABLE  1.    TEMPERATURES  REQUIRED  FOR  DRYIXG  DIFFERENT 

MATERIALS 


Temperature 

Temperature 

Dryini^ 

Required 

Drying 

Required 

(deg.  fahr.) 

(deg.  fahr.) 

Treated  or  dyed  paper 

150-220 

Herbs 

t 

Glued  paper 

160-300* 

Barks 

t 

Glued  tapes 

160-300* 

Pills 

t 

Pasted  ribbons 

160-200 

Furs 

150-190 

Printina;  ink 

70-300* 

Size  on  paper 

150-220 

Felt  Hats 

140-180 

Bedding 

150-190 

Glued  Ladies'  Hats 

140-180 

Nuts 

90-140 

Matches 

140-180 

Cereals 

110-150 

Macaroni 

110-150 

Glassware 

t 

Photo  Prints 

90-110 

Hops 

120-180 

Photo  Negatives 

90-110 

Rags 

120-180 

Photo  Films 

90-110 

Overalls 

120-180 

Feathers 

150-180 

Bathing   suits 

120-180 

Hair  Goods 

150-190 

Blankets 

140-180 

Clothes 

t 

Knitted   Fabrics 

140-180 

Drugs 

t 

Gut 
etc.,  etc.,  etc. 

150-200 

*  Can  be  dried  at  any  temperature   under   300  deg.   fahr.,  that  it   is  convenient  to  use. 
t  Depending  on  nature. 
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Example  of  Drying  Problem.  Suppose  blankets  are  to  be  dried, 
that  when  dry,  they  weigh  100  lb.,  and  when  wet,  200  lb. ;  the 
amount  of  water  to  be  evaporated  will  then  be  100  lb.  Assume 
the  dry-room  to  be  7  by  5  by  10  ft.,  or  350  cu.  ft.,  that  the  air 
enters  it  at  140  deg'.  fahr.,  and  the  number  of  cubic  feet  of  heated 
air  per  hour  at  that  temperature  to  be  38,500  with  a  small  heater 
(see  Table  3).  We  find  from  column  C,  Table  2,  that  1,090  cu.  ft. 
of  air  are  required  per  pound  of  water.  Thus  for  100  lb.  of  water, 
109,000  cu.  ft.  would  be  required.    Hence  the  time  taken,  theoreti- 
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FIG.   4.     METHOD  OF   DRYING   BY   EXHAUSTING   AIR   FROM   DRY-ROOM 
AND  AIR-HEATER. 


TABLE  2.     MOISTURE  REMOVING  CAPACITY   OF  AIR 


Entering 

Half-Saturated. 

Entering    H 

eater    Saturated. 

(50% 

Relative 

H 

umidity) 

at   70 

deg.   fahr. 

at 

70 

deg 

fahr. 

A 

B 

C 

D 

E 

Temp,   of  Air 

Water-carrying 

Cu.   ft.   of  air 

Water-carrying 

Cu 

ft.   of  air 

entering  Dry- 

caiJacity  of  air 

(at  saturation  i 

capacity   of 

air 

(at 

saturation) 

room 

Grains  per  lb. 

required   per 

Grains  per 

lb. 

required    per 

deR.   fahr. 

of  air 

lb.  of  water 
vapor 

of  air 

lb. 

of    water 
vapor 

80 

11.6 

8240 

28.6 

3300 

90 

23.9 

4050 

39.7 

2380 

100 

36.3 

2640 

51.2 

1845 

110 

48.8 

1965 

62.5 

1515 

120 

61.8 

1525 

74.5 

1270 

130 

74.8 

1280 

87.0 

1085 

140 

87.8 

1090 

99.5 

950 

150 

101.8 

934 

112.0 

845 

160 

116.3 

827 

125.0 

755 

170 

130.8 

732 

138.0 

685 

180 

145.3 

662 

151.0 

625 

190 

159.8 

600 

164.5 

575 

200 

174.3 

562 

178.5 

530 
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109000 

cally,  to  dry  the  blankets  would  be  hours,  or  about  170 

38500 
minutes,  if  the  "used"  air  be  saturated.     In  practice,  the  air  will 
not  become  saturated  so  this  time  should  be  doubled.     A  large 


FIG.   5.     DRYING    OVEN    FOR    USE    WITH    THE    GAS    FIRED    AIR    HEATER 


TABLE  3.  PROPERTIES  OF  SATURATED  AND  DRY  AIR' 

(Under   Standard  Atmospheric  Pressure   =   29.921   In.   of  Mercury) 


A. 

B 

c 

D 

E 

F, 

F, 

*.,i 

*-ti-. 

Approximate 

«i;  u 

V      —  o 

B.t.u.'s 

Capacity 

in  cu.   ft. 

Weight  of 
1   cu.   ft. 

Weight  of 
1  cu.  ft. 

absorbed 
by  1  cu.  ft. 

Cu.  ft.  sat. 
air  warmed 

heated  air  per  hr. 
with  625*  B.t.u.  gas 

g^ffi 

°i-d 

Dry  air,  lb. 

saturated 

sat.  air 

1°  F.  per 

E-  u 

iise 

air,  lb. 

per  1°  F. 

B.t.u. 

Small 

Large 

H-S< 

h<;ks 

Heater 

Heater 

70 

0 

0.07495 

0.07425 

0.01811 

55.22 

80 

10 

0.07356 

0.07253 

0.01788 

55.93 

2SO,00Ot 

500,0001 

90 

20 

0.07222 

0.07094 

0.01763 

56.72 

87,500t 

175,000t 

100 

30 

0.07093 

0.06922 

0.01737 

57.57 

86,000f 

I72,000t 

110 

40 

0.06968 

0.06743 

0.01716 

58.27 

65,250t 

130.500t 

120 

SO 

0.06848 

0.06553 

0.01696 

58.96 

53,000t 

106,000t 

130 

60 

0.06732 

0.06353 

0.01681 

59.50 

44,500 

89,000 

140 

70 

0.06620 

0.06133 

0.01669 

59.92 

38,500 

77,000 

150 

80 

0.06510 

0.05894 

0.01663 

60.14 

34,000 

68,000 

160 

90 

0.06406 

0.05637 

0.01664 

60.10 

30,000 

60,000 

170 

100 

0.06304 

0.05349 

0.01671 

59.85 

26,900 

53,800 

180 

110 

0.06205 

0.05029 

0.01682 

59.45 

24,300 

48,600 

190 

120 

0.06110 

0.04674 

0.01706 

58.80 

22,000 

44,000 

200 

130 

0.06018 

0.04275 

0.01750 

57.15 

20,000 

40,000 

260 

180 

0.05516 

0.01343 

74.46 

18,000 

36,000 

300 

230 

0.05225 

0.01274 

78.50 

13,000 

27,000 

360 

290 

0.04800 

0.01189 

83.50 

10.000 

20,000 

t  special.      Made   to   order. 

•  If  gas  is  not  of  625  B.t.u.   per  cu.  ft.,  multiply  the  capacities  given  by   B/625,   where 
B  —  the  B.t.u.  of  the  gas  per  cu.  ft. 
'  Columns   Fi   and   Fo  show   air   heater   and   blower   capacities. 
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heater,  which  has  double  the  capacity  of  the  small,  will  do  the 
same  work  in  half  the  time  or  twice  the  work  in  the  same  time. 
It  is  interesting  to  note  that  this  method  of  calculation  checks 
up  with  the  first  method.  Thus:  109,000  cu.  ft.  in  170  minutes, 
is  equal  to  about  650  cu.  ft.  per  minute.  The  heater  has  a  capacity 
of  about  650  cu.  ft.  per  minute.  The  dry-room  has  a  volume  of 
350  cu.  ft.,  which  thus  allows  about  two  changes  of  air  per  minute  ; 
or,  with  the  greater  allowance  advised  as  a  "factor  of  safety"  and 


FIG.  6.     THREE-WAY  DRYING  OVEN. 

if  the  air  were  doubled,  there  would  be  dy^  to  4  changes  of  air 
per  minute,  which  checks  with  the  estimate  of  2  to  5  changes 
per  minute  previously  made. 

To  calculate  the  volume  of  air  at  any  gas  consumption  other 
than  the  maximum,  the  following  formula  may  be  used  in  connection 
with  Table  3 : 

E 

C  = XBXGXK. 

A, 
Where  C  =  Capacity  in  Column  F^  or  Fj ; 
E  =:  Value  shown  in  Column  E ; 
/4   =r  Value  shown  in  Column  A,; 
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B  =  B.t.u.  per  cu.  ft.  of  gas; 

G  =  Gas  consumption  in  cu.  ft.  per  hr. ; 

K  =  A  constant  depending  on  the  efficiency,  which  is  high 

at  low  temperatures  and  gradually  falls  from  90  per 

cent,  at  80  deg.  to  about  75  per  cent,  at  300  deg.  fahr. 

80  per  cent,  is  a  fair  average.    Therefore,  use  K  as  0.8. 

The  following  points  on  drying  by  the  gas  method  are  of  interest. 

In  the  first  place,  heated  air  in  motion  is  the  cheapest  and  most 

efficient    drying    medium;    it    will    absorb    any    kind    of    moisture, 

vapor,    or    gas.      The    effect    of    the    weather    on    this    method    is 

negligible ;  it  can  be  used  all  day  and  every  day.     Cold,  natural 
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FIG.    7.      DIAGRAMMATIC    ARRANGEMENT    OF    BLOWER,    AIR    HEATER    AND 
DUCTS   IN   DRY-ROOM    FOR   DRYING   MACARONI.    ETC. 


air,  even  on  a  fine  day,  takes  from  six  to  thirty  times  as  long  as 
air  supplied  this  w^ay ;  it  w-ill  accomplish  in  a  day  what  would 
take  a  week  by  ordinary  drying  methods. 

Most  important  is  the  absolute  temperature  control  easily 
maintained  with  this  system  of  drying.  From  Table  2  it  is 
evident  that  the  drying  temperature  may  vary  considerably  for 
the  same  substance.  The  form  and  nature  of  the  material  being 
Qiied  will  frequently  govern  the  temperature  at  which  the  opera- 
tion is  being  conducted.  The  air-heater  is  so  easily  manipulated 
that  the  temperature  at  which  a  definite  drying  problem  can  best 
be  conducted  may  be  determined  after  the  installation  has  been 
made. 

Certain  substances,  if  dried  too  rapidly,  form  a  hard  skin  on  the 
surface  and  thus  prevent  moisture  in  the  interior  from  coming 
out.    These  require  special  treatment  in  governing  the  tempera- 
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ture  and  time  needed  for  the  work.  To  obtain  good  results,  the 
air  supply  pipe  must  be  manifolded  in  the  dry-room  and  the  air 
directed  against  all  parts  of  the  product  to  be  dried. 

It  is  evident  that  it  is  possible  to  deliver  the  heated  air  so  that 
it  may  be  used  for  drying  products  in  the  dry-room  which  w^ill 
materially  affect  the  rate  of  drying.  This  should  be  borne  in 
mind.  For  instance,  if  blankets  or  other  goods  be  placed  in  a 
heap  on  the  floor,  so  that  air  cannot  reach  the  innermost  parts, 
their  drying  may  be  a  matter  of  hours  instead  of  minutes. 

Figs.  3  and  4  give  a  diagrammatic  representation  of  the  meth- 


FIG.  8.     THE  DRYING  OF  SAWDUST,  GRAIN.   ETC. 

ods  of  connecting  an  air  heater  with  a  drying  room,  first,  by 
blowing  the  air  through,  and  second,  by  exhausting  it. 

In  certain  cases  a  drying  oven  must  be  employed.  This  is 
conveniently  constructed  as  shown  in  Fig.  5.  The  3-way  damper 
allows  the  air  to  be  either  recirculated  or  driven  out.  In  the  latter 
case  fresh  air  is  blown  in  through  the  air  heater  in  the  usual  way. 

Fig.  G  is  another  type  of  drying  oven  specially  designed  for 
use  in  connection  with  the  air  heater.  The  air  inlet  is  shown 
in  the  center  at  the  top.  Air  is  blown  in  at  that  point  and  travels 
to  the  left  or  right  side  according  to  whichever  way  the  damper 
is  set.  It  then  crosses  the  entire  oven  and  leaves  by  the  other 
side.  After  the  air  has  been  passed  in  one  direction  for  a  certain 
period  the  damper  is  changed  over  which  reverses  the  direction 
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of  the  flow  of  air,  and  thus  gives  a  more  evenly  dried  product. 
This  arrangement  is  specially  suitable  for  drying  certain  drug 
products  and  toilet  preparations. 

An  arrangement  for  drying  such  products  as  macaroni  is  shown 
diagrammatically  in  Fig.  7.  The  drying  of  macaroni  demands 
the  very  greatest  care.  It  is  most  important  that  the  work  be 
carried  out  at  an  even  temperature  and  that  time  be  given  to 
guard  against  cracking  it.  If  it  be  dried  too  quickly  it  will  split 
all  the  way  down  and  be  useless  except  for  cattle  food.     It  is 
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INSTALLATION  tOR  DRYING  SIZE  ON  PAPER. 


usually  strung  on  racks  in  a  drying  room  similar  to  that  shown 
in  Fig.  T,  which  is  operated  by  the  introduction  of  a  system  of 
air  ducts  as  shown. 

In  order  to  equalize  the  humidity,  provision  is  made  for  a  3-way 
damper  which  permits  of  the  introduction  of  fresh,  cold  air  when 
the  humidity  falls  below  a  certain  point.  In  this  way  the  speed 
of  operation  can  be  increased  over  the  old  method  of  blowing 
natural  air  against  the  macaroni  and  a  more  uniform  product 
is  obtained. 

Fig.  8  shows  an  arrangement  for  drying  such  products  as  saw- 
dust, grain,  etc.  The  material  is  dropped  from  a  feeder  into  a 
drum  (inclined  at  an  angle)  which  is  provided  with  vanes  on  the 
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inside.  An  air  duct  provided  with  holes  is  placed  in  the  centre 
of  this  drum.  When  in  operation  the  drum  revolves  and  the  dried 
product  falls  into  the  hopper  at  the  lower  end. 

Fig.  9  shows  a  dry-room  for  drying  size  on  paper.  As  this 
procesp  is  original  Avith  the  manufacturer,  his  machinery  and 
method  of  handling  the  paper  is  purposely  omitted.  The  equip- 
ment consists  of  an  air  heater  A,  a  blower  B,  a  dry-room  C,  approx- 
imately 10  by  4  ft.  wide  by  7   ft.  high,  hot  air  delivery  pipes  D, 


FIG.    10.     THE  DRYING   OF   PHOTOGRAPHIC    PLATES.   ETC. 


and  generator  flue  E.  The  system  employed  is  the  plenum  or 
pressure  system  of  blowing  air  in.  Air  is  drawn  from  the  room 
into  the  blower,  from  which  it  passes  to  the  air  heater  and  is 
delivered  to  the  dry-room  at  both  the  top  and  bottom  by  means 
of  manifolds  where  desired.  The  dry-room  vents  surround  the 
paper  as  it  passes  in  and  out  of  the  room.  The  spent  gases  from 
the  generator  are  piped  out  of  the  factory  by  the  vent  pipe  E.  It 
has  been  decided  to  increase  the  efficiency  of  this  installation 
at  a  later  date  by  conducting  the  incoming  air  to  the  blower 
through  a  duct  which  will  surround  the  vent  pipe. 
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Fig.  10  shows  a  special  oven  for  drying  photographs.  The 
outfit  consists  of  the  drying  oven  and  motor  driven  blower,  from 
which  the  air  is  delivered  to  a  special  compartment  at  the  base 
of  the  oven  where  it  passes  over  a  heater  equipped  with  gas 
burners  which  enter  the  oven  from  the  rear;  it  then  passes  up 
throusrh  ducts  at  the  side  of  each  door  and  is  discharged  into  each 


FIG.    n.     DRYING   DRUG   PRODUCTS. 

shelf   compartment   by    sliding   doors   w^hich   may   be   regulated 
at  will. 

Fig.  11  shows  an  installation  to  be  proud  of,  for  while  a  trial 
proposition,  it  shows  initiative  on  the  part  of  the  industrial  man 
as  well  as  correct  knowledge  of  the  subject  of  drying.  Here 
again  the  plenum  method  has  been  employed,  this  time  in  con- 
junction with  a  well-made  ice  box  or  refrigerator.  The  material 
being  handled  is  a  drug  product,  but  at  the  manufacturer's  request 
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its  name  is  not  mentioned.  The  air  is  blown  through  a  special 
indirect  air  heater  A,  by  means  of  a  motor  driven  blower  B,  and 
is  delivered  to  the  top  of  the  dry-room  by  means  of  duct  C ;  the 
moisture-laden  air  is  discharged  from  the  bottom  of  the  dryer 
by  means  of  the-  flue  pipes  DD. 

Fig.  12  shows  a  dry-room  built  into  the  side  of  a  modern  loft 
building,  and  which  is  used  for  drying  and  sterilizing  drug  prod- 
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FIG.   12.     DRYING  AND  STERILIZING  DRUG  PRODUCTS. 


ucts.  A  special  indirect  heated  air  heater  B  is  used,  which  is  let 
into  the  dry-room  through  the  wall.  Air  is  blown  through  the 
heater  by  means  of  a  motor  driven  blower  A  and  delivered  by 
manifolds  within  the  room  where  desired.  As  the  room  was  in 
use  when  photographed  its  interior  cannot  be  shown.  However, 
it  is  fitted  with  shelves  on  which  the  work  is  placed  while  drying, 
and  the  oven  or  room  is  vented  by  vent  pipes  which  are  run  to 
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the  bottom  of  the  four  corners  of  the  room,  meeting  one  large 
flue  in  the  centre  of  the  room  at  the  top.  The  products  of  com- 
bustion of  the  air  heater  were  piped  from  the  room  separately, 
but  by  the  generous  use  of  stove  pipe  and  pitching  it  slightly 
these  flue  pipes  were  formed  into  radiators  along  the  side  walls 
of  the  room.  The  efficiency  of  the  room  is  remarkable,  for  while 
the  temperature  of  the  room  is  kept  constant  at  110  deg.  fahr. 


FIG.   13.     DRYING  PROVISIONS. 

the  flue  temperature  has  never  been  known  to  be  over  115  deg., 
showing  almost  complete  utilization  of  the  heat  generated.    • 

Fig.  13  shows  an  installation  of  importance  to  the  gas  industry 
inasmuch  as  it  is,  as  far  as  the  writer  can  find,  the  first  application 
of  gas  heat  in  this  manner  to  smoking  provisions.  In  this  instance 
the  work  performed  is  that  of  drying  fish  prior  to  smoking. 
Those  who  have  attempted  this  proposition  know  it  to  be  a  most 
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delicate  one,  due  to  the  fact  that  a  temperature  slightly  above 
normal  will  cause  the  fish  to  soften  and  drop  to  the  floor  of  the 
smoke  house. 

As  it  was  impossible  to  cause  accelerated  drying  by  raising  the 
temperature  of  the  smoke  house,  a  large  volume  of  warm  air 
has  been  employed  in  this  instance,  the  frequency  of  air  change 
rather  than  a  marked  raise  in  temperature  being  sought  for.  This 
is  a  provision  which  is,  in  many  respects,  similar  to  the  drying 
of  macaroni,  especially  insofar  as  the  temperature  and  humidity 
of  the  air  are  concerned. 

By  the  use  of  this  installation  the  time  of  drying  on  clear  days 
has  been  reduced  six  or  more  fold  and,  what  is  more  important, 
the  smoker  has  been  able  to  dry  his  fish  on  rainy  humid  days — 
something  that  he  could  not  do  before.  In  other  words,  he  has 
increased  production  and  can  work  when  he  pleases  irrespective 
of  the  vagaries  of  the  weather. 

The  installation  comprises  a  very  large  air  heater  A,  and  a 
motor  driven  exhauster  D.  In  this. case  a  modification  of  the 
plenum  system  was  necessary  on  account  of  the  fact  that  the 
proprietor  would  not  make  any  changes  in  the  location  of  his 
motor  blower  set,  as  he  was  not  satisfied  that  the  gas  heater 
would  do  his  work. 

The  operation  of  the  outfit  was  changed  to  meet  this  condition. 
The  air,  instead  of  being  blown  through  the  heater,  was  sucked 
through  the  openings  shown  at  C,  and  was  delivered  while  heated 
through  the  flue  pipe  B  to  the  blower,  which  discharged  same  to 
the  smoke  house  above  through  the  duct  E.  This  has  since  been 
changed  to  standard  practice  with  much  better  results. 

It  is  hoped  that  the  brief  outline  of  this  subject  will  prove  of 
value  to  those  who  have  followed  it  and  that  the  ideas  given  will 
be  beneficial  in  enabling  business  to  be  obtained  in  this  almost 
untouched  but  limitless  field.  The  author  desires  to  render 
acknowledgments  to  the  National  Commercial  Gas  Association, 
New  York,  N.  Y.,  by  whose  courtesy  illustrations  of  Figs.  0-13  are 
reproduced. 
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DISCUSSION 

Note.  In  presenting  the  paper,  the  .\uthor  made  the  following  intro- 
ductory remarks  : 

I  consider  that  it  is  very  appropriate  that  this  subject  should  be 
considered  as  completely  as  possible  by  The  American  Society  of 
Heating  and  V'entilating  Engineers  because  heating  and  venti- 
lating are  quite  properly  the  two  words  which  cover  the  funda- 
mentals of  artificial  drying.  There  are  two  other  good  reasons  why 
such  a  paper  as  this  should  be  put  on  record.  In  the  first  place,  there 
is  practically  nothing  that  has  been  written  covering  the  fundamentals 
of  artificial  drying  in  any  simple  form  and  there  is  also  practically 
nothing  which  has  been  written  in  which  gas  is  used  as  a  fuel  for 
accomplishing  this  purpose. 

In  this  paper  consideration  is  given  to  the  type  of  heater  and  design 
of  dry  room  which  are  considered  most  efficient  when  gas  is  used  as 
the  fuel.  It  is,  of  course,  possible  to  use  other  fuels  in  such  a  type 
of  heater  as  is  described  but  a  gaseous  fuel  is  the  most  desirable  be- 
cause it  eliminates  fuel  storage,  it  is  always  ready  for  use,  it  elimi- 
nates dirt  and  inconvenience  and  above  all  it  is  so  easily  controlled. 
This  in  turn  means  that  the  heat  can  be  most  easily  controlled 
which  in  combination  with  the  control  of  the  air  gives  us  a  most  valu- 
able unit. 

In  addition  to  the  two  sizes  of  air  heaters  mentioned  in  the  paper, 
others  are  to  be  had  many  times  larger,  which  can  take  care  of  some 
of  the  very  biggest  drying  installations  in  the  country.  While  the 
general  convenience  and  adaptability  of  this  type  of  air  heater  should 
not  be  forgotten,  there  is  another  factor  which  deserves  attention. 
It  is  that  the  safety  in  its  use  is  so  great  that  matches  and  other 
inflammable  materials  are  being  dried  in  this  manner  and  this  is  only 
possible  due  to  the  fact  that  there  is  no  connection  between  the  gas 
flame  and  the  air  which  is  delivered  to  the  dry  room  where  the 
material  is  being  treated. 

The  number  of  uses  is  almost  without  limit.  Photographic  plates 
are  difficult  products  to  dry  with  success,  but  a  great  deal  of  this 
work  is  being  accomplished  at  the  present  time  by  the  aid  of  these 


250  Discussion  on  Artificial  Drying  with  the  Use  of  Gas 

appliances.  They  are  also  being  used  for  the  drying  of  those  pro- 
visions and  food  articles  which  require  most  delicate  manipulation. 
The  drying  of  fish,  for  instance,  requires  very  accurate  heat  control. 
If  the  temperature  at  which  it  is  being  dried  prior  to  smoking  is 
slightly  above  normal,  the  fish  will  soften  and  fall  ofif  the  hooks  to 
the  floor  of  the  smoke  house.  A  case  has  been  cited  in  this  paper 
where  this  trouble  has  not  only  been  remedied  until  the  loss  of  fish 
by  softening  has  been  reduced  to  practically  nothing,  but  the  time 
taken  to  accomplish  the  work  has  been  reduced  at  least  six  times,  and 
moreover  it  is  possible  to  dry  the  fish  on  rainy  and  damp  days  which 
is  something  that  was  found  absolutely  impossible  previous  to  the 
adoption  of  this  method. 

James  H.  Davis  :  Has  any  comparison  been  made  in  the  cost  of 
drying  by  gas  as  compared  with  drying  by  steam,  especially  where 
exhaust  is  available? 

J.  F.  McIntire  :  Has  the  author  made  any  experiments,  or  has 
he  any  data  on  the  difl:erence  between  the  costs  of  gas  and  coke 
used  in  core  drying,  or  drying  of  that  nature?  Also,  have  any 
experiments  been  made  in  taking  outlets  and  inlets  at  dififerent 
points. 

1  have  found  in  drying  radiator  cores  that  during  the  first  hour 
all  the  outlets  should  be  at  the  top  and  the  hot  air  supplied  at  the 
bottom,  and  at  the  end  of  an  hour,  these  top  outlets  closed  and  the 
gas  allowed  to  pass  out  at  the  bottom,  to  give  a  great  saving  in  fuel, 
that  is,  as  against  taking  out  at  the  bottom  during  the  whole  time. 
As  long  as  there  is  a  large  amount  of  moisture  being  driven  off,  the 
openings  should  be  at  the  top,  but  after  that  is  accomplished,  it  is 
possible  to  save  coke  if  the  openings  are  at  the  bottom. 

M.  W.  Franklin  :  The  recent  situation  in  the  coal  industry  has 
been  very  trying  indeed  to  concerns  who  were  depending  upon  coal 
for  heating.  Those  firms,  and  there  are  a  great  many  of  them,  who 
have  not  contracted  long  ahead  for  their  supply  have  had  to  deal  with 
a  very  distressing  situation.  Coal  that  was  formerly  sold  for  $1.70 
or  $1.90  at  the  mines  is  now  bringing  three  or  four  times  that  amount, 
and  small  concerns  have  found  it  almost  impossible  to  obtain  coal  at 
all.  This  is  a  condition  that  is  likely  to  recur  from  time  to  time,  be- 
cause we  know  that  with  our  labor  conditions  here  in  America,  there 
is  not  much  stability. 

The  gas  companies  purchase  their  coal  in  such  large  quantities, 
and  so  far  in  advance,  that  unless  the  condition  proves  to  be  a  per- 
manent one  there  are  no  complications  for  them.    They  are  able  to 
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supply  gas  at  a  steady  price,  whether  the  supply  to  be  furnished  is 
large  or  small,  and  I  think  it  would  be  very  interesting  for  this 
Society  to  gather  information  on  the  relative  cost  of  heating  by  gas 
and  by  coal.  If  it  were  possible  to  get  the  average  price  of  gas,  as 
supplied  by  the  public  service  companies,  and  also  the  average  price 
of  coal,  and  compare  them  over  a  corresponding  period,  say  five 
years,  it  would  be  interesting. 

Recently,  I  have  looked  into  the  subject  of  combustion  of  gas,  and 
I  think  that  in  a  very  few  years  something  radical  in  the  way  of 
changes  will  be  made  in  the  use  of  gas,  and  this  may,  possibly,  have 
a  very  notable  effect  on  the  discussion  which  Mr.  Shadwell's  paper 
has  opened. 

L.  J.  Platt^  :  I  can  say  that  some  of  the  questions  that  have  been 
raised  concerning  the  use  of  a  gaseous  or  solid  fuel  have  been 
solved  by  the  gas  companies,  at  least,  by  the  large  ones.  We  feel  that 
gas  is  far  superior  to  a  solid  fuel,  and  oil  is  fast  becoming  a  fuel 
that  is  less  and  less  available. 

We  have  some  installations  where  we  have  been  able  to  show  a 
decided  saving  in  actual  fuel  cost.  Many  instances  show  a  saving  in 
final  cost  of  production,  because  of  the  many  other  factors  that  enter 
in  the  cost  of  using  solid  fuel  against  gas.  One  of  these  is  that  of 
drying  and  dry-room  equipment.  We  have  some  drying  installations 
in  New  Jersey,  which  were  formerly  carried  on  with  coke ;  some 
that  were  using  steam.  One  of  our  equipments  is  used  in  drying  a 
substance  that  has  the  peculiarities  of  starch,  and  is  used  in  the  dye 
industry.  Another  case  is  in  connection  with  leather  drying;  and 
when  it  comes  to  core  drying,  we  have  a  method  that  has  coke  or 
coal  entirely  outclassed.  As  stated  by  one  of  the  preceding  speakers, 
an  important  thing  in  this  work  is  to  get  the  air  inlets  and  outlets 
properly  placed,  so  that  air  inflow  and  outflow  can  be  directed 
properly. 

We  have  found  that  the  increased  speed  possible  in  the  operations, 
gives  better  results,  and  probably  the  most  important  thing  of 
all,  the  ease  of  control  that  is  possible  in  regulating  the  temperature 
for  fine  work,  are  the  determining  factors  for  the  use  of  gaseous 
fuel.  In  several  instances,  where  we  have  made  installations,  we 
have  beaten  solid  fuels  on  this  basis. 

The  question  of  relative  cost  of  fuel  is  one  that  you  will  hardly  be 
able  to  determine  by  considering  it  on  a  B.t.u.  basis.  Taking  oil  and 
gas  in  comparison,  5  gal.  of  oil  have  about  the  same  number  of  heat 
units  as  1000  cu.   ft.  of  artificial  gas,  but  even  when  applying  oil 
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under  the  best  possible  conditions,  the  efficiency  of  gas  is  so  much 
greater  that  the  difference  in  cost  of  the  fuel  has  disappeared,  and 
the  balance  is  in  favor  of  gas.  With  the  present  prices  for  coal, 
the  balance  is  usually  in  favor  of  gas  because  of  the  greater  efficiency 
of  application  possible. 

We  have  just  recently  closed  a  contract  in  New  Jersey,  which  is  the 
third  of  similar  cases,  where  we  are  beating  out  coal.  In  this  case, 
the  process  of  melting  asphalt  is  involved.  The  proposition  was 
considered  doubtful  for  gas,  because  the  efficiency  of  the  applica- 
tion necessarily  had  to  be  low.  But  with  the  cost  of  coal  up  to  about 
$7.00  a  ton,  and  the  cost  of  the  necessary  labor  to  supply  heat  by 
coal,  the  use  of  our  fuel  will  be  economical  not  only  so  far  as  the  cost 
of  the  fuel  itself  is  concerned,  but  also  in  the  speed  of  operation. 
We  can  do  the  work  in  about  one-third  of  the  time  it  can  be  done 
with  coal. 

The  same  thing  applies  to  dry  room  equipment.  In  one  operation 
where  the  material  has  the  consistency  of  starch,  the  important  thing 
is  to  apply  the  air  currents  in  proper  places,  so  that  the  material  will 
not  be  blown  away,  though  the  moisture  will  be  carried  off.  With 
our  method,  we  will  lessen  the  time  of  operation  about  50  per  cent, 
and  also  reduce  the  cost.  These  are  a  few  of  our  experiences,  and 
they  are  universal  in  this  country.  We  can  apply  the  processes  almost 
anywhere,  and  we  know  that  there  is  hardly  an  operation  that  cannot 
be  carried  on  with  gaseous  fuels  better  than  with  other  fuels. 

W.  H.  C.xrrier:  It  seems  to  me  that  in  this  discussion  the  advo- 
cates of  gas  are  emphasizing  the  importance  of  gas  without  at  all 
restricting  its  field,  while  on  the  other  hand,  there  are  some  men 
who  will  emphasize  the  relative  value  of  steam  without  giving  any 
credit  to  the  field  of  gas. 

In  the  first  place,  when  gas  at  80c  is  compared  with  coal  at  $5.00 
per  ton,  it  must  be  figured  that  about  900,000  heat  units  will  be  gotten 
from  gas  for  every  $1.00,  while  from  coal,  practically  5,000,000  heat 
units  may  be  had  for  every  dollar.  The  same  number  of  heat  units 
from  coal  can  be  produced  for  20c  that  is  gotten  from  gas  for  about 
$1.10,  or  about  five  and  one-half  times  as  much. 

The  advantage  of  gas,  of  course,  lies  in  the  efficiency  of  application, 
and  wherever  increased  efficiency  can  be  obtained,  where  the  use  of 
coal  as  a  fuel  would  perhaps  be  an  inefficient  proposition,  gas  has  its 
uses.  This,  of  course,  does  not  hold  in  the  large  plant,  because 
there  the  boilers  will  produce  from  65  per  cent  to  75  per  cent  of  the 
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heat  of  the  coal  in  steam,  and  the  steam  is  practically  used  100 
per  cent ;  this  applies  in  drying  and  heating  operations.  Gas,  on  the 
other  hand,  even  under  the  very  best  conditions,  will  produce  but 
very  little  economy  in  the  production  of  heat  at  the  source,  where 
it  is  required.  But  it  has  the  advantage  of  control,  and  in  a  small 
plant,  would  produce  better  efficiency  than  could  be  obtained  by  the 
use  of  coal.  Jn  a  large  plant,  you  can  have  just  as  good  control  with 
coal  as  with  gas,  so  that  the  advantage  of  gas  in  such  a  plant  is 
practically  eliminated. 

In  a  small  plant  where  a  special  furnace  would  be  necessary  for 
the  production  of  the  steam  to  supply  a  steam  drying  plant,  and 
especially  where  the  requirements  are  variable  and  intermittent, 
undoubtedly  gas  will  show  sufficient  economy,  due  to  its  flexibility, 
to  more  than  overbalance  this,  at  a  certain  point,  even  over  the  much 
greater  cost  of  the  fuel  per  million  B.t.u.,  the  ratio  of  the  cost  being 
55^  to  1.  I  do  not  think  there  is  any  question  but  that  in  extremely 
small  plants  with  intermittent  use,  where  a  steady  supply  of  steam 
is  not  available,  the  gas  drying  has  a  field.  Also  it  has  a  field  in 
plants  where  high  temperatures  are  required.  But  I  think  its  field 
is  confined  strictly  to  these  lines  and  I  think  that  the  people  who  are 
advocating  the  use  of  gas  are  making  a  mistake  in  trying  to  extend 
the  field  beyond  this  point. 

The  Author  :  From  the  discussion  I  fear  that  I  must  have  con- 
fused the  issue  somewhat  by  referring  to  gas  as  a  fuel  when  the  main 
subject  before  us  was  one  of  drying  by  the  aid  of  gas.  I  rather  had 
in  mind  when  I  brought  this  matter  to  your  attention  that  it  was 
important  enough  to  receive  future  consideration  in  your  meetings. 
Nevertheless,  as  many  gentlemen  have  brought  forward  various 
questions  along  this  line,  I  will  deal  with  them  in  turn. 

With  regard  to  the  first  question, — namely  the  relative  values  of 
gas  as  compared  with  steam — I  believe  that  Mr.  Piatt  gave  a  very 
complete  answer,  but  I  would  like  to  state  that  in  order  to  make  a 
just  and  reliable  comparison,  the  same  conditions  must  obtain  in 
each  case. 

From  those  to  whom  I  have  spoken,  I  find  that  the  use  of  the 
average  steam  dryer  or  air  heater  has  not  always  given  very  satis- 
factory results.  Moreover,  only  a  certain  temperature  of  heated 
air  can  be  obtained  when  steam  is  used,  whereas  there  is  practically 
no  limit  as  to  the  temperature  of  the  air  which  may  be  obtained 
by  the  type  of  heater  I  have  described. 

Superheating  steam  is  of  little  avail  and  a  little  thought  will  show 
that  it  is  wasteful  also.    The  heater  I  have  illustrated  and  described 
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has  been  tested  by  some  of  the  larger  gas  companies  and  others, 
and  quoting  from  memory,  they  obtained  an  efficiency  of  something 
over  90  per  cent  with  a  50  deg.  temperature  rise,  the  initial  tempera- 
ture of  the  air  being  70  deg.  fahr.  I  have  never  seen  or  heard  of 
anything  like  this  efficiency  when  the  steam  is  used  as  the  heating 
medium  for  the  same  purpose. 

The  second  question,  with  regard  to  the  use  of  gas  in  core  ovens, 
was  also  dealt  with  by  Mr.  Piatt,  but  should  any  member  wish  for 
figures  I  will  be  glad  to  supply  them. 

With  regard  to  the  third  question,  it  is  quite  true  that  the  de- 
moralized condition  of  the  coal  trade  has  brought  business  to  the  gas 
appliance  manufacturer  and  I  am  practically  convinced  that  those 
who  have  changed  from  coal  to  gas  will  abide  with  the  gaseous  fuel 
because  the  users  have  found  so  many  advantages  in  employing  this 
fuel  that  they  have  outweighed  every  other  consideration. 

The  cost  of  fuel  is  not  the  whole  consideration.  The  resultant 
cost  when  every  factor  has  been  taken  into  account,  is  really  what 
matters.  If  dirt,  unreliability,  waste  of  time,  trouble,  etc.,  can  be 
eliminated,  a  very  big  forward  step  has  been  made  and  those  who  are 
using  gas  have  learned  to  realize  this  fact. 

I  can  give  you  an  analogy  which  is  perhaps  appropriate.  An 
automobile  costs  more  than  a  buggy,  but  it  is  better  because  it  is 
speedier,  it  is  always  ready  for  use,  it  is  available  in  all  weathers 
and  it  is  a  great  time  saver.  Moreover,  it  can  accomplish  distances 
which  a  horse-drawn  vehicle  cannot  cover.  It  probably  costs  more 
to  operate  per  mile  but  if  it  saves  money  in  the  long  run,  it  is  to  be 
preferred,  and  so  it  is  with  gas  as  compared  with  coal.  In  other 
words  it  is  not  the  cost  of  B.t.u.  for  B.t.u.  that  counts,  but  the  fact 
that  the  cost  per  unit  of  finished  ]:)roduct  is  lower  or  that  the  product 
is  better,  or  that  it  is  made  quicker. 

With  regard  to  steam  boilers,  the  same  remarks  are  applicable. 
The  average  coal  steam  boilers  are  very  inefficient.  In  round 
figures,  as  a  result  of  some  tests  made  by  the  U.  S.  Bureau  of  Mines, 
the  very  best  efficiency  that  could  be  obtained  was  fio  per  cent.  This 
was  the  result  of  some  75  tests  which  were  made  in  St.  Louis,  the 
boilers  having  been  made  special,  and  the  firing  and  attention  being 
specially  conducted  for  the  occasion.  In  the  case  of  gas,  85  to  90 
per  cent  efficiency  is  being  obtained  daily,  under  ordinary  conditions 
and  with  perfect  regularity. 

The  gas  fired  steam  boiler  requires  practically  no  attention.  It  is 
always  ready  for  use  and  is  very  reliable.  When  facts  such  as  these 
are  before  us,  we  cannot  fail  to  appreciate  their  enormous  value. 


No.  441 
DRYING  BY  EVAPORATION 

By  Fred  R.  Still,  Detroit,  Mich. 
Member 

DRYING  as  a  process  is  usually  applied  to  preserve  materials 
or  to  prepare  them  for  processes  of  manufacture,  or  to 
remove  water  which  may  have  been  used  in  previous 
operations.  Sometimes  it  is  applied  to  produce  a  more  even 
sample  for  chemical  processes  or  to  assist  in  mixing  substances, 
or  to  save  weight  in  tranf:,portation.  In  some  cases  surface  drying 
is  desirable  to  form  a  skin  v/b.ich  prevents  further  evaporation  of 
moisture.  Drying  is  also  done  to  add  brightness  or  luster  to 
some  articles,  desirable  in  marketing.  Paper,  cardboard,  binder- 
board,  paints,  oils,  pigments,  chalk,  varnishes,  clay  products, 
wood  products ;  in  fact,  almost  everything  we  are  familiar  with, 
requires  a  drying  treatment  at  some  stage  of  the  progress  from 
the  soil  to  the  user. 

If  plentiful  and  cheap,  and  if  labor  is  also  cheap,  almost  any 
substance  can  be  dried  in  the  open  air,  if  one  does  not  care  how 
long  it  takes  to  do  it.  But  as  materials  become  scarcer  and 
labor  costs  more,  the  drying  process  must  be  shortened,  which 
necessitates  resorting  to  mechanical  and  artificial  means. 

There  are  a  variety  of  principles  employed  for  drying  dififerent 
substances  and  a  still  greater  variety  of  mechanical  devices  for 
making  use  of  each  principle;  in  fact  the  varieties  of  devices  are 
almost  as  numerous  as  the  variety  of  products  from  which  moisture 
can  be  evaporated.  The  commonest  principles  may  be  outlined  as 
gravitation,  filtration,  absorption,  condensation,  refrigeration,  pres- 
sure, vacuum,  centrifugal  force,  vaporisation  by  heat  and  evapora- 
tion by  circulation  of  air. 

In  everyday  commercial  pursuits  of  manufacturing,  about  six 
of  the  above  principles  are  employed.  Sometimes  two  or  more  are 
combined  in  one  process:  as   for  instance,  a  centrifugal  dryer  or 
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a  filter  press  to  remove  free  water,  followed  by  an  evaporation 
system  to  remove  the  capillary  moisture  or  the  vapor.  Only  two 
of  the  above  drying  methods  are  most  commonly  employed;  they 
are:  Vaporization  by  Heat  or  Evaporation,  by  Circulation,  or 
a  combination  of  the  two.  For  most  drying  problems,  either  or  both 
of  them  are  the  simplest,  least  expensive  to  install  and  operate, 
cost  less  to  keep  up  and,  when  properly  installed  and  operated,  give 
results  which  are  quite  as  efficient  as  any  other,  if  they  are  at  all 
applicable  to  the  product  which  is  to  be  dried. 

During  the  past  thirty  years,  many  industries  have  started  up, 
with  every  prospect  of  success,  but  which  have  ultimately  failed 
on  account  of  the  drying  system  being  either  a  failure  or  the 
drying  method  costing  so  much  to  operate  that  the  product  could 
not  be  sold  at  a  profit.  Others  have  sunk  thousands  of  dollars 
into  a  project  before  the  right  way  to  dry  the  product  was  dis- 
covered. Then  again  many  wonderfully  interesting  mechanical 
devices  and  processes  for  making  some  product  have  been  in- 
vented, Avhich  have  never  come  into  eventual  use,  because  the 
drying  problem  formed  such  an  important  part  of  the  operation 
and,  having  never  been  properly  developed,  the  invention  finally 
passed  into  oblivion. 

Few^  people  who  have  not  had  to  deal  with  drying  problems 
extensively,  are  in  a  position  to  appreciate  what  is  the  importance 
of  the  function  it  performs  in  industrial  enterprises.  Like  the 
average  heating  plant,  w^hich,  though  it  adds  quite  as  much  to  our 
comfort  as  any  other  single  feature  of  any  building,  yet  is  usually 
the  last  thing  considered  and  must  be  made  to  conform  to  every- 
thing else,  even  though  the  other  features  be  less  important.  The 
main  difference  in  the  final  result  is  that  a  human  being  can, 
grumblingly,  adjust  himself  to  an  unsatisfactory  heating  plant, 
but  a  drying  plant  must  be  right  or  it  is  a  miserable  failure  ;  a 
few  shivers  accompanied  by  appropriate  epithets  will  not  "get 
by"  with  a  drying  plant.  When  the  material  doesn't  come 
through  the  dryer  satisfactorily,  the  works  usually  shut  down, 
and  that  is  "the  beginning  of  the  end"  of  the  particular  dryer 
concerned. 

Most  of  the  systems  for  drying  which  do  not  employ  heat,  air 
circulation  or  a  vacuum,  are  intended  for  substances  which  carry 
from  70  to  80  per  cent,  moisture  and  such  as  can  usually  be 
quickly  reduced  down  to  about  20  to  40  per  cent,  by  drainage, 
pressure,  squeezing,  filtering,  centrifugal  whirling  or  some  other 
similar  method.  The  real  test  of  an  engineer's  ability  to  handle 
drying  problems  begins  where  any  of  these  methods  leave  off. 


Drying  by  Evaporation  257 

because  when  applied  to  products  for  which  the  apparatus  and 
methods  are  not  already  standardized,  considerable  ingenuity 
must  be  exercised  in  the  development  of  the  entire  system.  It 
involves  handling  and  conveying  apparatus,  determination  of 
the  heat  and  the  volume  of  air  required,  the  removal  of  vapors, 
knowledge  of  the  time  required  for  chemical  interchanges  and 
reactions,  the  critical  temperatures  of  the  material  and  the  specific 
heat  of  various  substances;  also  it  involves  the  maximum  air 
velocity  or  circulation  permissible,  without  doing  injury  to  the 
structure  of  the  material,  the  relative  humidity  permissible  to 
avoid  checking,  cracking,  curling,  warping,  discoloration,  fer- 
mentation or  any  one  or  more  of  several  other  things  that  can 
happen  to  some  of  the  products  from  which  moisture  has  to  be 
removed. 

All  this  knowledge  really  has  to  be  acquired  by  experience ; 
it  cannot  be  learned  from  text-books.  It  is  not  to  be  found  in 
the  volumes  of  public  or  engineering  libraries,  or  in  book  stores; 
neither  can  you  find  it  in  the  proceedings  of  any  society  or  asso- 
ciation. Just  why  such  a  useful  and  important  thing  should  have 
received  such  scant  scientific  attention  is  curious  indeed.  It 
really  seems  as  though  it  should  be,  at  least,  a  subject  for  inter- 
change of  ideas  and  experiences  among  engineers,  the  same  as 
other  and  less  important  subjects  have  been  and  with  far  more 
beneficial  results  than  can  be  obtained  by  studied  refinements 
in  many  other  directions,  which  have  for  years  and  still  continue 
to  receive  such  careful  consideration  from  the  profession. 

In  substantiation  of  this  claim,  take  as  an  example,  a  small 
furniture  factory  which  will  cut  up  about  5,000  board  ft.  of 
hardwood  lumber  a  day.  Suppose  the  kiln  is  filled  with  quarter 
sawed  oak,  which  has  been  piled  on  sticks  six  months  in  the 
open  air.  It  will  require  about  18  days  to  dry  the  lumber  in  an 
ordinary  modern  kiln  and  preserve  its  strength  and  color.  It 
can  be  done  in  less  time  than  this,  but  requires  ideal  conditions 
and  expert  handling  to  do  it.  The  holding  capacity  of  the  kiln 
will,  therefore,  have  to  be  90,000  board  ft.  to  fill  the  daily  require- 
ments of  the  factory.  Such  a  grade  of  lumber  is  worth  about 
$5,000.00 ;  the  daily  output  is  worth  about  $275.00.  If  the  kiln 
spoils  20  per  cent.,  or  depreciates  the  quality  to  a  similar  degree, 
the  loss  amounts  to  more  than  $6,600.00  a  year,  just  in  the  lumber 
alone,  to  say  nothing  of  the  time,  labor  and  fuel  wasted.  This  is 
a  small  loss  as  compared  with  some  known  cases. 

There  is  one  concern  in  a  Middle  Western  city  which  has 
sixteen    times   this   capacity.      It    was    continually    having   trouble 


258  Drying  by  Evaporation 

with  the  kihis  until  the  manager  was  made  to  see  that  the  running 
of  them  was  a  real  man's  job  and  that  he  could  afford  to  pay  as 
big  a  salary  to  the  right  man  to  manage  the  kiln,  as  he  could 
aft'ord  to  pay  the  superintendent  of  the  works.  He  concluded 
to  find  such  a  man  and  after  a  few  months,  the  capacity  of  the 
kilns  was  increased  over  50  per  cent,  and  a  better  grade  of 
lumber  turned  out,  which  worked  up  better  in  the  factory  and 
took  on  a  better  finish.  The  manager  freely  expressed  himself 
as  being  satisfied  that  he  had  never  made  a  more  profitable  move. 
Where,  previously,  he  was  at  times  sorely  pressed  for  enough 
dry  stock  to  keep  the  mill  running,  it  took  fifteen  years  to 
get  to  the  point  where  he  now  feels  it  is  necessary  to  make  addi- 
tions to  the  kiln  capacity. 

There  is  an  immense  field  for  improved  drying  methods  which, 
as  yet,  have  hardly  been  touched,  at  least,  not  in  a  scientific 
manner,  due  largely  to  the  cheapness  of  the  material  or  the  low 
cost  of  labor ;  for  example,  copra,  rice,  sisal  and  rubber.  All  these 
might  be  classed  as  tropical  products  as  they  are  grown  princi- 
pally in  the  Philippines,  Borneo,  Sumatra,  Java,  India,  Siam  and 
China,  and  in  the  Northern  part  of  South  America. 

Rice  is  the  principal  food  of  most  of  the  Asiatic  population. 
The  present  method  of  drying  is  to  spread  it  out  on  tile  pave- 
ments ;  these  drying  yards  are  sometimes  several  hundred  feet 
square.  The  natives,  who  come  principally  from  "the  great 
unwashed,"  walk  barefooted  into  it  to  stir  it  up  so  it  will  dry 
evenly  and  to  prevent  fermentation. 

Every  year  there  is  a  rainy  period  in  the  tropics  lasting  about 
three  months  when  the  average  relative  humidity  is  90  per  cent., 
seldom  less  than  80  per  cent,  and  for  days  at  a  time  it  is  96  to  98 
per  cent.  All  attempts  to  do  any  drying  during  this  period  by 
exposure  to  the  atmosphere  must,  of  course,  cease. 

Furthermore,  it  is  hardly  necessary  to  say  that  open  air  drying 
can  never  reduce  the  moisture  down  to  where  it  should  be,  with 
the  result  that  there  is  a  great  loss  by  rotting,  sprouting,  fer- 
menting, moulding,  etc.,  before  it  reaches  the  market.  To  show 
how  deficient  the  drying  is,  there  are  harbor  laws  in  nearly  all 
European  ports  requiring  ships  loaded  with  vegetable  products 
from  the  tropics  to  remain  in  the  harbor  four  days  with  all  hatches 
uncovered,  before  beginning  to  unload;  this  is  required  as  a 
safety  measure  to  save  the  lives  of  the  men  who  do  the  unloading. 
The  smell  from  one  of  these  ships  is  apparently  about  the  only 
instru«ient  of  destruction  the  warring  nations  have  not  yet  em- 
ployed against  one  another. 
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Copra  is  made  from  the  meat  of  cocoanuts.  It  is  an  immense 
industry  and  is  growing  more  rapidly  than  any  other  in  the 
countries  above  named.  The  principal  European  market  is  Mar- 
seilles, France,  where  it  is  made  into  butter  or  re-exported  to 
Holland,  Denmark  and  Germany  for  the  same  purpose.  The 
price  is  continually  advancing,  as  in  seven  years  it  has  advanced 
nearly  100  per  cent.  The  demand  is  growing  faster  than  the 
supply  for  the  best  cjuality.  Little  headway  has  yet  been  made 
to  introduce  modern  drying  methods,  as  manual  labor  only  costs 
ten  to  fifteen  cents  a  day;  coal,  wood  or  oil  is  very  expensive 
and  the  people  are  not  of  such  a  temperament  as  to  be  inclined 
to  change  their  ways  very  rapidly.  But  the  demand  for  a  better 
quality  and  the  increasing  price  will  soon  make  it  possible  to 
adopt  better  methods. 

About  six  years  ago  a  chemist  in  Madison,  Wisconsin,  who  had 
been  employed  in  a  consulting  capacity  by  some  of  the  cane 
sugar  mills  in  Louisiana,  conceived  the  idea  that  paper  could  be 
made  from  the  bagasse  of  the  sugar  cane  instead  of  burning  it. 
His  laboratory  experiments  indicated  that  almost  any  kind  of 
paper  could  be  produced,  and  samples  passed  upon  by  experts 
showed  that  the  dried  pith  ready  for  pulp  making  would  be  worth 
more  than  the  sugar  obtained  from  the  cane. 

He  succeeded  in  interesting  men  with  capital,  who  financed 
further  experiments  on  a  larger  scale ;  it  was  then  they  discovered 
what  they  were  up  against,  a  problem  in  the  way  of  drying.  The 
bagasse  contains  from  72  per  cent,  to  78  per  cent,  of  moisture 
which  cannot  be  removed  by  mechanical  means — it  has  to  be 
evaporated.  Not  more  than  10  per  cent,  should  remain.  The 
cost  to  remove  the  moisture  by  any  of  the  usual  methods  would 
be  prohibitive.  Finally,  after  two  years'  experimenting  and  the 
spending  of  several  thousand  dollars,  the  drying  was  finally 
accomplished  at  a  rate  equal  to  the  best  boiler  evaporation  rate 
and  at  a  cost  so  reasonable  that  it  is  bound  to  become  a  very 
profitable  business. 

This  process,  if  it  ever  comes  into  general  use,  will  completely 
revolutionize  the  sugar  industry.  Instead  of  crushing  the  cane 
and  immediately  extracting  the  sugar,  it  is  ground,  then  dried 
and  baled.  At  present  both  cane  and  beet  sugar  mills  run  only 
about  three  months  of  the  year.  With  this  new  scheme  they 
can  run  twelve  months.  The  sugar  cane  can  be  grown  in  Cuba, 
dried  and  baled,  and  then  shipped  into  this  country  and  stored. 
The  fibre  and  pith  can  later  be  soaked,  the  sucrose  and  glucose 
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extracted  in  the  beet  sugar  mills  in  this  country,  and  the  refuse 
thence  go  on  through  the  paper  machines  and  be  made  into  paper. 

Surprising  as  it  may  seem,  an  average  of  6  per  cent,  more  sugar 
can  be  obtained  by  this  process  than  by  the  old;  the  purity  runs 
much  higher,  and  the  waste  is  reduced  to  almost  nothing.  The 
depreciation  on  sugar-mill  machinery  is  reduced  fully  one-third ; 
or,  looking  at  it  from  another  angle,  the  present  investment  will 
have  300  per  cent,  more  earning  capacity,  because  the  plant  can 
run  all  the  year. 

The  labor  conditions  in  Cuba  are  also  bad  ;  first-class  mechanics 
are  scarce  and  hard  to  get,  especially  for  the  short  period  of  the 
average  sugar  making  season.  This  new  method  transfers  all  the 
expert  and  refined  parts  of  the  mechanical  process  into  this 
country ;  only  the  rough  work  is  done  in  Cuba,  for  doing  which 
there  is  plenty  of  labor,  though  it  is  independent,  lazy  and  difficult 
to  handle. 

Leather  has  for  ages  been  dried  in  lofts  up  to  a  few  years  ago, 
when  a  tannery  in  Alpena,  Mich.,  was  induced  to  try  a  progressive 
tunnel  system,  similar  to  the  scheme  used  in  drying  lumber  and 
bricks.  It  was  a  success  from  the  start,  and  since,  a  number  of 
others  have  adopted  it.  This  newer  method  costs  less  to  put  in, 
occupies  less  space,  requires  less  labor  and  very  materially 
reduces  the  cost  of  drying.  At  Boyne  City,  Mich.,  is  a  plant 
which  continued  to  operate  the  loft  system  after  installing  the 
progressive  system.  The  loft  system  had  a  daily  capacity  of  800 
sides ;  the  progressive  system  600  sides.  The  former  requires  43.3 
lb.  steam  per  side ;  the  latter  29.8  lb.  The  yearly  cost  of  steam 
was  $5,045.00  and  $1,020.00  respectively.  Reducing  the  loft 
system  to  600  sides,  the  cost  would  be  $3,885.00,  or  3.7  times  as 
much  as  the  progressive  system.  Experience  has  shown  con- 
clusively that  the  output  is  more  uniform  and  of  an  improved 
grade  as  compared  with  the  older  methods. 

About  a  year  ago  a  certain  corporation  which  has  a  capacity 
of  6,000  to  8,000  metal  beds  per  day,  started  experiments  to  see 
if  it  could  improve  the  drying  of  varnish,  enamel  and  paint  on  its 
product.  Like  everybody  else  who  has  to  deal  with  such  things, 
it  found  the  old  process  slow,  required  an  immense  amount  of 
space  to  do  the  drying  and  the  handling  was  very  costly  and 
damaged  the  goods ;  the  drying  process  they  had  was,  in  fact, 
the  only  thing  that  was  not  up-to-date  and  on  the  same  productive 
basis  as  the  balance  of  their  plant.  They  engaged  the  services  of 
one  of  the  most  experienced  drying  engineers  in  the  country  and 
had  expressed  to  them  a  carload  of  apparatus,  consisting  of  fans, 
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motors,  heaters,  air  washers,  pumps,  etc.,  to  be  used  for  experi- 
mental work,  in  connection  with  a  small  dryer  which  they  built 
under  the  direction  of  the  engineer  above  referred  to.  After 
about  90  days,  goods  were  being  dried  in  from  two  to  three  hours 
for  each  coat,  so  that  sand-papering  or  rubbing  could  begin, 
which,  by  the  old  methods,  required  from  12  to  36  hours  per 
coat  and  from  24  hours  to  as  long  as  6  days  before  sand-papering 
and  rubbing  could  be  started,  and  even  then,  during  the  hot 
weather,  when  it  was  damp,  the  goods  would  often  be  found 
"tacky."  Trouble  was  always  experienced  with  flaking,  uneven 
running,  lumpiness  in  spots,  air  bubbles,  etc.  No  matter  how 
carefully  packed,  the  finish  would  be  damaged  in  shipment. 
Paper,  used  in  packing,  stuck  to  it  and  frequently  could  not  be 
removed  without  bringing  the  finish  with  it.  All  this  has  been 
eliminated.  Several  carloads  were  packed  and  shipped  to  the 
Pacific  Coast.  A  careful  inspection  thereafter  showed  the  goods 
to  be  absolutely  devoid  of  a  blemish  not  present  when  shipped. 
The  colors  were  perfect,  the  luster  improved,  the  finishing  mate- 
rial ran  out  even,  all  the  elasticity  was  preserved  and  was  almost 
as  hard  as  the  metal  on  which  it  was  spread.  All  this  was 
accomplished  in  about  two-fifths  of  the  time  previously  occupied. 

About  twenty  years  ago  a  "mill-starch"  drying  plant  was  in- 
stalled at  Peoria,  Illinois.  Now  every  starch  plant  in  this  country 
has  the  same  drying  system.  Previously  it  required  a  building 
80  ft.  square  and  six  stories  high  to  dry  the  same  amount  as  was 
later  dried  in  one  story  in  a  space  70  by  30  ft.  at  about  one-fourth 
the  time  and  cost  for  steam  and  handling,  and  a  higher  grade  of 
product  is  produced. 

For  years,  bricks  were  dried  in  the  open  air;  later,  on  hot  floors 
with  furnaces  producing  the  heat ;  finally  in  steam  heated  dryers, 
either  with  direct  radiation  or  blowers.  A  scheme  was  evolved 
many  years  ago  to  dry  bricks  by  using  the  waste  heat  from  the 
kilns  where  the  bricks  are  burned.  Surprising  as  it  may  seem, 
it  was  a  hard  struggle  to  get  the  thing  started.  All  manner  of 
reasons  were  argued  by  the  skeptical,  why  such  a  scheme  could 
not  be  made  to  work ;  some  points  raised  had  a  reasonable  basis, 
but  more  were  purely  the  wildest  flights  of  imagination.  Now, 
this  method  is  almost  universally  used,  and  the  resulting  economy 
is  enormous.  Drying  by  steam  or  furnace  costs  anywhere  from 
HOc  to  $1.20  per  thousand  bricks  for  the  heat  alone.  With  a  waste 
heat  system  it  costs  anywhere  from  16c  to  25c  per  thousand,  or 
about  one-fifth  the  cost  of  the  older  methods. 
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These  examples  are  recited  just  to  show  the  possibilities  and 
what  has  been  accomplished  in  drying  some  substances.  The 
possibilities  are  just  as  great  with  almost  every  other  substance 
from  which  moisture  has  to  be  removed  in  the  process  of  manu- 
facture as  in  the  cases  recited. 

Many  of  the  drying  schemes  which  have  for  years  been  quite 
generally  used  in  their  respective  lines,  are  very  crude,  and  even 
though  so  admitted,  it  is  practically  impossible  to  break  into  some 
of  the  industries  with  new  ideas.  The  reason  for  this  is  obvious 
when  carefully  considered  from  a  manufacturing  and  an  economic 
standpoint  as  the  following  will  show : 

1st.     The  present  method  of  drying  is  likely  very  old,  thoroughly 
tried  out  and  as  it  is  being  used  by  all  competitors,  no  one 
has  any  advantage  over  another.     Possibly  it  is  slow  and 
may  be  somewhat  costly  to  operate,  but  even  so,  it  turns 
out  a  good  product.    To  try  something  new,  with  the  possi- 
bility of  failure,  might  cause  the  manufacturer  a  great  loss 
of  money,  time,  material  and  a  reputation  in  the  bargain. 
2nd.     The  present  method  may  have  been  reduced  down  to  a 
standard  automatic  machine,  like  paper  drying  rolls,  textile 
drying  machinery,  etc.,  which  can  be  bought  like  any  other 
machine  from  a  number  of  makers,  with  no  other  preparation 
than  the  building  to  house  it  and  the  power  to  drive  it. 
3rd.     Until  within  recent  years,  only  a  few  industrial  plants  have 
maintained  an  engineering  department  with  a  stafif  of  tech- 
nical engineers.     Hence,  most  things  were  done  by  "rule  of 
thumb,"  rather  than  by  analysis  and  pre-calculation.    There 
are  still  hundreds  of  industries  which  have  not  yet  felt  the 
forceful  influence  of  a  capable  engineer  to  produce  a  better 
product  in  a  more  efficient  manner. 
The  object  of  this  paper,  as  will  be  quite  evident,  is  to  point 
out  to  those  who  have  never  taken  an  interest  in  the  subject, 
what  an   important   function   is   performed   in   the  modern   arts 
and  trades,  by  the  evaporation  of  moisture  from  the  raw  materials 
commonly  used ;  also  to  point  out  what  a  fertile  field  it  is  for  the 
heating   and    ventilating   engineer   to    profitably    exercise    those 
talents,  which  his  experience  has  particularly  fitted  him  for. 

Most  of  this  sort  of  work  has  heretofore  been  done  by  chemists, 
civil  engineers,  draftsmen  or  perhaps  by  superintendents  or  even 
foremen  of  the  plants,  and  it  is  because  few,  if  any,  of  them  were 
properly  equipped,  either  by  education  or  experience  to  know 
what  they  should  do,  that  greater  progress  has  not  been  made 
and  better  results  obtained. 
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It  should  be  the  province  of  The  American  Society  of  Heat- 
ing AND  Ventilating  Engineers  to  show  the  way  to  higher 
efficiency  in  every  field  where  air  conditioning  or  evaporation  is 
employed.  If  this  paper  creates  a  livelier  interest  in  the  subject 
than  has  prevailed,  more  information  will  be  furnished  in  the  future, 
dealing  with  details  of  construction,  operation  and  the  results  ob- 
tained at  some  of  the  plants  where  some  of  the  products  herein 
mentioned  are  being  dried. 

The  interchange  of  ideas  in  all  professional  lines  has  probably 
had  more  to  do  with  the  rapid  advancement  of  all  mechanical 
devices  and  scientific  studies  than  anything  else.  The  only 
way  to  get  the  drying  of  all  kinds  of  material  down  to  a  scientific 
basis  is  to  bring  the  subject  before  those  who  are  equipped  to 
study  it  and  have  it  freely  discussed.  We,  as  members  of  this 
Society,  owe  it  to  one  another  to  do  this  and  we  also  owe  it  to 
mankind  in  the  regular  order  of  things. 

Note  :     This   paper  and  the   following,   on   Drying  in    Industrial   Plants, 
were  subjects  of  a  joint  discussion  as  given  on  pages  273-280. 
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No.  442 
DRYING  IN  INDUSTRIAL  PLANTS 

By  J.  O.  Ross,  Boston,  Mass.' 
Non-Member 

THE  importance  of  drying  has  been  explained  in  a  previous 
paper  by  L.  P.  Dwyer.-  It  is  true  that  even  more  economy 
must  be  practised  in  drying  than  in  heating  a  building.  The 
heating  season  is  not  over  one  hundred  and  sixty  days  in  the  year, 
while  drying  operations  are  usually  carried  on  for  three  hundred 
days  of  the  year.,  and  often  twenty-four  hours  a  day.  It  is,  there- 
fore, necessary  that  the  subject  in  each  individual  case  be  thoroughly 
studied  in  order  that  the  smallest  amount  of  heat  shall  be  used  con- 
sistent with  a  good  drying  system. 

It  is  generally  true  that  as  much  drying  out  of  the  water  should 
be  done  mechanically  as  possible.  This  usually  consists  of  press- 
ing the  material  as  for  instance,  the  filter  press,  or  squeeze  rolls, 
or  the  water  may  be  removed  in  centrifugals  where  the  wet 
material  is  placed  in  a  cage  which  is  rotated  at  high  speed  and 
the  water  thrown  out  at  the  periphery.  The  filter  press  is 
generally  used  in  the  clay  and  chemical  industries.  Chemicals 
which  contain  15  per  cent,  dry  material  and  85  per  cent,  of  water 
can  be  pressed  down  so  that  the  mixture  consists  of  40  per  cent, 
dry  and  60  per  cent,  water.  I  believe  this  has  even  been  exceeded 
and  that  in  some  cases  the  material  contains  only  50  per  cent, 
water  and  50  per  cent,  material.  The  saving  will  be  very  appar- 
ent. In  processes  requiring  the  production  of  300  lb.  of  dry 
material  per  hour  and  the  mixture  only  contains  15  per  cent,  dry 
material  to  begin  with,  there  are  about  1,700  lb.  of  water  to  be 
dried  out;  of  this,  1,250  lb.  can  be  pressed  out  in  a  filter  press. 
An  ordinary  steam  pipe  or  hot  air  dryer  would  require  from  1,500 
to  3,500  lb.  of  steam  per  hour  to  do  this,  depending  on  conditions. 


'  With  B.  F.  Sturtevant  Co.,  Hyde  Park,  Boston,  Mass. 

^Commercial  Drying  Apparatus,  Vol.  XXII,  Transactions   (1916),  page  479. 

Presented  at  the  .Anntial  Meeting  of  The  American   Society  of  Heating  and  Venti- 
lating Engineers,  New  York,  January,  1917. 
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while  a  filter  press  will  do  it  with  a  fraction  of  this  amount.  Also 
a  filter  press  delivers  the  material  in  cakes  which  are  much  easier 
to  handle  in  the  finish  dryer  than  trays  of  liquid  would  be. 

The  centrifugals  are  commonly  associated  with  laundries  where 
wet  clothes  are  placed  in  cages  usually  set  on  vertical  shafts, 
the  water  passing  out  through  the  perforations  in  an  inner  shell 
and  retained  by  an  outer  solid  shell.  The  same  machine  may  be 
utilized  for  washing  first  and  some  attempts  have  been  made  to 
do  the  finished  drying  in  the  same  machine  by  the  application  of 
heat.  In  most  cases,  however,  the  goods  must  be  removed  and 
dried  to  the  desired  degree  in  another  dryer,  in  the  same  way 
as  the  product  from  the  filter  press.  Centrifugals  are  used  in 
drying  felt  hats,  burlaps  used  in  printing  presses,  and  similar 
products  which  will  not  pass  through  the  perforated  screen  shells. 

Another  process  giving  somewhat  similar  results  is  the  settling 
tank.  This  is  used  on  material  which  would  not  be  retained  by 
the  shells  of  centrifugals,  which  contain  so  little  dry  material,  or  for 
other  reasons,  are  not  adaptable  to  the  filter  press.  This  system 
is  in  general  use  in  the  starch  industry  in  Europe.  The  solid 
matter  is  allowed  to  settle  to  the  bottom  and  the  water  removed 
from  the  top.  There  are  various  methods  of  doing  this,  one 
common  method  being  a  series  of  tanks  connected  together;  the 
liquid  is  let  into  the  first  tank  in  such  a  way  as  to  come  to  rest 
almost  completely.  It  then  rises  slowly  and  overflows  into  the 
next,  and  so  on  into  the  third  tank.  In  this  way  the  sludge  forms 
on  the  bottom  containing  about  50  to  60  per  cent,  water,  which 
is  afterwards  completely  dried  out  in  the  dififerent  dryers.  It 
will  be  realized  that  this  method  is  subject  to  many  variations  to 
suit  particular  conditions.  All  of  them,  however,  are  limited  in 
the  amount  of  water  they  will  remove  and  nearly  all  require  some 
finishing  process   of  drying. 

Probably  the  simplest  artificial  dryer  is  one  using  the  direct 
application  of  heat,  such  as  evaporating  kettles  to  simply  heat  the 
material  and  vaporize  the  water.  The  next  consists  of  placing 
the  material  in  a  heated  room  and  allowing  it  to  dry  as  best  it 
may.  Refinements  of  bringing  the  heat  into  intimate  contact 
with  the  material  and  a  systematic  method  of  removing  the 
moisture  given  ofif,  have  received  considerable  study.  Merely 
heating  the  room  will  not  do,  as  most  of  the  heat  energy  may  be 
spent  in  ofif  setting  radiation  through  the  walls  rather  than  through 
the  drying  of  material.  No  satisfactory  drying  system  can  be  de- 
signed without  a  proper  study  of  the  requirements  of  the  product 
and  the  working  conditions  in  the  mill.     It  should  be  constantly 
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borne  in  mind  that  the  prime  duty  of  the  mill  is  to  manufacture 
goofls  and  not  to  operate  a  drying  system.  A  dryer  which  may 
be  nearly  100  per  cent,  efficient,  as  regards  the  removal  of  water, 
will  be  an  utter  failure  if  it  interferes  with  the  manufacturing 
operations,  unduly  lengthens  the  time  of  drying,  or  reduces  the 
quality  of  the  goods. 

One  of  the  first  decisions  to  be  made  is  whether  the  dryer 
should  handle  the  material  continuously  or  in  batches.  A  pro- 
gressive dryer  in  which  material  moves  gradually  or  continuously, 
either  on  trucks  or  conveyors,  offers  many  advantages  in  cost  of 
labor  and  economy  of  heat.  This  is  well  exemplified  in  the 
tunnel  method  of  drying  bricks.  The  bricks  are  placed  on  cars 
usually  containing  about  500  bricks  and  fed  in  at  one  end  of  a 
tunnel  about  100  ft.  long,  the  cars  being  removed  at  the  other 
end  of  the  tunnel  when  dried.  As  new  cars  enter  they  gradually 
move  forward.  Heated  air  is  blown  through  the  tunnel,  moving 
in  the  opposite  direction  to  the  progress  of  the  cars  of  brick.  The 
air  gradually  picks  up  moisture  and  cools  down  until,  as  it  passes 
out  of  the  tunnel,  it  is  nearly  fully  saturated  and  at  a  minimum 
temperature.  Several  advantages  will  at  once  be  noted.  The 
wet  "green"  brick  encounters  only  air  which  is  comparatively 
cool  and  moist,  and  it  does  not  receive  a  harsh  quick  surface 
drying  which  is  so  injurious.  The  surface  should  be  kept  moist 
until  the  interior  is  warmed  and  partly  dried.  Otherwise,  the 
surface  will  "case  harden,"  forming  a  crust  which  is  not  only 
hard  to  dry  through,  but  is  liable  to  crack  and  check.  It  is  also 
at  this  point  that  the  moisture  is  more  readily  given  up  and  that 
the  moisture  absorbing  capacity  of  the  air  is  lowest.  As  the 
l)rick  dries  it  travels  forward,  encountering  dryer  and  warmer  air 
until  when  it  is  almost  completely  dried,  it  encounters  very  dry 
and  very  hot  air.  At  this  point,  the  brick  gives  up  its  moisture 
slowly  but  the  air  absorbs  this  moisture  avidly  and  dries  it  out 
thoroughly.    The  brick,  however,  will  stand  this  at  this  stage. 

Another  advantage  is  that  each  cubic  foot  of  air  is  in  intimate 
contact  with  the  material  throughout  the  entire  length  of  the 
tunnel  and  picks  up  much  more  water  than  if  it  merely  struck  it 
and  bounced  ofif  into  space  as  it  ordinarily  would  in  a  room  dryer. 
It  will  also  be  noted  that,  as  the  men  do  not  have  to  enter  the 
tunnel,  the  heat  is  applied  continuously,  instead  of  the  drying 
being  stopped  while  the  dryer  is  being  filled  and  emptied,  as  in 
the  "apartment"  dryers.  The  apparatus  is  also  operated  at  full 
capacity  at  all  times  and  the  material  gradually  warmed  and 
dried,  instead  of  having  to  start  up  slowly  and  at  low  tempera- 
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tures,  as  is  usually  necessary  in  apartment  drying,  meaning  not 
only  increased  drying  capacity  but  making  it  practically  "fool- 
proof." This  is  a  very  important  feature  as  it  may  mean  the 
saving  of  a  great  deal  of  spoiled  material.  The  cost  of  handling 
the  material  is  usually  also  considerably  less  in  the  progressive 
dryer.  The  writer  has  known  mills  to  waste  large  quantities 
of  exhaust  steam  from  their  power  engines  all  day  while  they  filled 
their  drying  apartments  and  then  use  live  steam  all  night  to  do 
the  drying,  because  they  could  not  apply  the  heat  before  the  dryer 
was  filled.    A  progressive  dryer  would  have  removed  this  trouble. 

There  are  many  cases,  however,  when  the  progressive  dryer 
has  drawbacks,  as  follows : 

1.  When  the  material  comes  from  the  machine  in  batches ; 

2.  When  the  variety  of  the  material  differs  widely  in  drying 
requirements; 

3.  When  the  material  requires  different  treatment  than  a 
gradual  increase  in  temperature  and  decrease  in  humid- 
ity of  the  air. 

The  first  case  would  usually  mean  that  either  there  would  be 
an  excess  or  a  shortage  of  material  for  the  dryer.  This  condition 
is  best  handled  in  an  apartment  dryer  with  various  compartments 
of  just  the  capacity  of  each  batch.  The  second  condition  can 
sometimes  be  overcome  if  the  different  varieties  of  material  are 
delivered  regularly  enough  so  that  different  progressive  tunnels 
can  be  used  for  the  different  classes  of  material.  It  would  be 
very  apparent  that  it  would  be  a  mistake  to  place  material  which 
requires  forty-eight  hours  to  dry  in  the  same  tunnel  with  material 
which  only  requires  twenty  hours  to  dry.  The  slower  material 
would  hold  back  the  whole  dryer  and  not  only  greatly  reduce  the 
efficiency  and  capacity,  but  would  probably  overdry  the  faster 
material  with  injury  to  the  product.  This  is  well  illustrated  in 
ornamental  pottery,  some  of  which  should  take  ten  days  to  dry 
and  some  of  which  requires  only  ten  hours.  In  some  industries 
it  is  desirable  that  any  one  car  or  tray  of  material  can  be  removed 
at  any  time  and  with  a  progressive  dryer,  all  material  ahead 
would  have  to  be  removed  first,  while  in  an  apartment  dryer  that 
particular  batch  could  be  removed  without  disturbing  the  rest. 
In  some  cases,  inspection  of  material  while  drying  is  desirable 
and  this  is  also  easier  in  an  apartment  dryer  than  in  a  tunnel. 

Regarding  the  third  condition,  this  is  becoming  more  and  more 
common  as  more  study  is  given  to  the  drying  problem  from  the 
standpoint  of  quality  of  material.    One  material  particularly  that 
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the  writer  has  in  mind,,  has  been  found  best  when  dried  under 
the  following  conditions  and  in  the  following  order: 

1.  High  temperature  and  very  high  humidity; 

2.  Gradual  decrease  in  temperature  and  humidity; 

3.  High  temperature  and  very  little  humidity; 

4.  Lowest  temperature  possible  and  highest  humidity  pos- 
ible. 

The  reason  for  this  was  because  the  material  required  first 
quick  heating  but  practically  no  drying,  in  order  to  prevent  the 
surface  from  case  hardening;  then  a  gradual  drop  in  temperature 
and  continuous  drying,  necessitating  a  lower  humidity.  It  was 
then  found  desirable  to  get  a  quick  baking  effect  just  before 
the  material  was  completely  dried,  and  finally  the  material  was 
to  be  cooled  off  so  that  it  would  leave  the  dryer  practically  at 
room  temperature  and  with  a  film  of  moisture  on  the  surface.  It 
will  be  at  once  apparent  that  an  apartment  dryer  is  the  only  way 
in  which  this  could  be  handled,  and  it  will  also  be  apparent  that  a 
separate  heating  unit  should  be  used  for  each  apartment. 

One  of  the  main  troubles  in  the  apartment  dryer  can  be  over- 
come by  making  the  apartments  of  much  smaller  capacity  and 
larger  in  number.  In  this  way,  an  apartment  can  be  filled,  sealed, 
and  the  drying  process  started  without  waiting  for  the  entire 
day's  output  to  be  made.  The  more  the  number  of  compartments 
the  more  nearly  does  it  approach  a  progressive  dryer.  In  lumber 
mills  making  product  varying  from  1  in.  thick  to  4  in.  thick,  an 
apartment  dryer  presents  many  advantages,  even  if  it  is  necessary 
to  put  the  different  thicknesses  of  material  in  the  same  compart- 
ments. The  material  which  dried  first  can  be  removed  without 
removing  the  heavier  material. 

As  a  general  rule,  material  which  dries  fast  is  more  adaptable 
to  a  progressive  dryer  than  material  which  dries  slowly.  Indeed, 
in  extreme  cases,  where  the  material  requires  a  long  drying,  it 
would  be  found  that  a  progressive  system  would  travel  so  slowly 
as  to  be  troublesome.  It  will  be  perfectly  evident  that  the  illus- 
tration of  the  brick  dryer  can  be  adapted  to  any  type  of  material, 
the  change  being  in  the  type  of  conveyor  used.  The  truck  system 
lends  itself  very  readily  to  different  kinds  of  material,  while  in 
cases  such  as  leather  drying,  the  hides  are  carried  through  on 
chain  conveyors,  supporting  the  hides  from  above.  The  cars  or 
conveyors  may  be  moved  either  by  simply  pushing  them  through 
or  they  may  be  carried  through  mechanically. 
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The  entire  efficiency  of  the  dryer  usually  depends  on  how  inti- 
mate the  contact  is  between  the  air  and  the  material.  With 
material  hanging  in  a  room  and  warm  air  simply  blowing  into 
the  room  as  in  a  heating  system,  it  will  usually  be  found  that  this 
air  will  not  absorb  much  more  than  two  grains  of  moisture  for 
each  cubic  foot  of  air.  In  a  progressive  dryer,  however,  where 
the  air  has  to  travel  through  the  material  for  a  considerable 
length  of  time,  four  or  five  times  that  amount  of  absorption  is 
not  unusual. 

A  very  common  type  of  dryer  of  the  simple  order  is  the  so- 
called  bed  or  screen  type.  This  usually  consists  of  a  horizontal 
screen  on  which  loose  material  is  thrown.  Air  is  applied  under 
pressure  to  the  under  side  of  the  screen  and  forced  up  through 
the  material,  which  usually  means  a  very  intimate  contact  and 
a  very  high  efficiency.  Grain  is  dried  in  this  way,  scrap  rubber, 
wool,  cotton  and  similar  materials,  where  there  is  sufficient 
passage  for  the  air  through  the  material  and  where  otherwise  it 
would  be  difficult  to  get  the  air  to  come  in  contact  with  the  vari- 
ous parts.  Care  must  be  used  in  this  type  of  dryer  not  to  get 
the  material  too  deep,  as  it  would  mean  too  much  resistance  to 
the  air  with  a  consequent  high  power  on  the  fan. 

The  cylindrical  dryer  owes  much  of  its  popularity  to  the  very 
intimate  contact  between  the  drying  medium  and  the  material  to 
be  dried.  In  the  more  common  type,  this  consists  of  a  round 
cylinder  usually  on  an  incline.  The  material  is  fed  in  at  one  end 
and  as  the  cylinder  revolves,  the  material  is  thrown  around  in 
such  a  way  that  it  presents  a  large  amount  of  surface  to  the  warm 
air  which  passes  through  the  cylinder.  Baffles  and  paddles  are 
placed  inside  so  as  to  aid  in  this  throwing  and  the  incline  should 
be  made  such  that  the  material  will  travel  at  a  fixed  rate  of 
speed  through  the  cylinder.  The  heat  may  be  applied  by  direct 
heat  from  a  furnace  and  in  the  case  of  garbage,  etc.,  these 
gases  may  be  passed  right  through  the  material.  In  other  mate- 
rials that  would  be  injured  by  the  applications  of  gases,  these 
gases  may  be  carried  through  the  space  formed  by  an  inner  and 
outer  shell  so  that  they  do  not  come  in  contact  with  the  material. 
If  this  should  prove  to  be  too  high  a  temperature,  this  jacket  can 
be  filled  with  steam,  or  warm  air  can  be  blown  through  the  mate- 
rial at  any  desired  temperature. 

In  general,  in  designing  a  drying  system,  considerable  study 
should  be  given  to  the  moving  or  handling  of  the  material  and 
the  dryer  designed  in  such  a  way  that  the  warm  air  will  come 
into  the  most  intimate  contact  possible  with  the  material.     It 
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should  be  borne  in  mind  that  there  is  a  certain  limit  to  the  speed 
of  drying  of  all  material  and  in  every  case,  this  limit  should  be 
determined,  either  by  experience  or  by  experiment.  The  writer 
has  known  materials  that  would  dry  in  forty  hours  in  a  very 
crude  dryer,  but  that  even  when  placed  in  a  first  class  dryer, 
would  not  dry  in  less  than  thirty-six  hours. 

This  is  the  big  problem  that  the  engineer  encounters  on  a  dry- 
ing proposition — as  to  how  long  he  may  expect  it  to  take  to  dry. 
This  can  best  be  determined  by  considering  carefully  the  methods 
of  drying  that  are  being  used  in  that  mill.  Judgment  can  usually 
be  made  as  to  how  much  this  time  can  be  improved  with  a  proper 
dryer  and  by  questioning  the  operator  it  will  often  be  found 
that  on  excellent  drying  days,  they  are  able  to  get  a  good  deal 
faster  drying  than  usual.  This  means  that  this  highest  speed  is 
possible  with  the  material.  If  possible,  however,  it  is  desirable 
to  actually  dry  out  a  small  sample  of  the  material,  placing  it  under 
as  nearly  the  same  conditions  as  will  l)e  obtained  in  the  artificial 
dryer,  as  possible. 

Note  :     This  paper  and  that  preceding,  on  Drying  by  Evaporation,  were 
the  subjects  of  a  joint  discussion  as  given  on  pages  273-280. 


JOINT  DISCUSSION  OF  PAPERS 

on 

DRYING  BY  EVAPORATION 

By  Fred  R.  Still,  Detroit,  Mich.  (Member) 
and 

DRYING  IN  INDUSTRIAL  PLANTS 

By  J.  O.  Ross.  Boston,  Mass.  (Non-Member) 

Note.  Mr.  Still,  in  presenting  his  paper,  made  the  following  intro- 
ductory remarks : 

In  presenting  this  paper,  the  aim  is  to  bring  to  the  attention  of 
the  members  of  this  Society,  a  class  of  business  which  has  heretofore 
largely  been  overlooked,  even  though  it  seems  to  offer  greater  possi- 
bilities for  profitable  investigation  than  many  of  the  lines  that  have 
been  under  discussion  in  the  Society  for  a  number  of  years.  If  the 
only  result  attained  by  this  paper  is  to  excite  some  curiosity  that  may 
lead  to  a  little  investigation,  a  start  will  have  been  made  which  must 
eventually  result  in  a  more  widespread  interest,  as  there  is  hardly 
any  other  branch  of  engineering  which  plays  a  more  important  part 
in  the  manufacturing  arts  than  does  Drying  by  Evaporation. 

J.  R.  McColl:  There  is  one  process  of  drying  that  I  hope  Mr. 
Still  will  touch  on  in  particular,  and  that  is  the  drying  of  sugar  cane. 
He  has  been  associated  with  this  new  process  of  drying  sugar  cane 
in  Cuba,  and  it  would  be  interesting. 

J.  W.  H.  Myrick  :  In  regard  to  the  leather  drying  industry,  the 
ordinary  tanner's  drying  loft  would  require  over  fifty  hours  to  dry 
the  hides ;  by  making  small  openings,  say  2  in.  round  holes,  under 
the  steam  pipes  on  the  floor  or  behind  the  pipe  on  the  outside  walls, 
like  a  direct-indirect,  these  create  and  maintain  a  better  air-circula- 
tion and  will  dry  leather  in  al)out  24  hours,  and  doubles  the  loft 
capacity ;  it  has  saved  building  a  building  in  some  cases.  Ice  melts 
quicker  by  air  than  by  the  sun's  rays ;  clothes  dry  quicker  by  March 
winds  than  by  sun's  heat  of  July. 
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The  Presidext:  It  is  uiifnrtiiiiatc  tliat  the  question  of  drying 
seems  to  be  unfamiliar  to  most  of  us.  It  is  a  specialty,  to  be  sure,  so 
far,  but  there  is  no  question  in  my  mind  but  that  we  must  get  into  it 
and  qualify  ourselves,  if  we  want  to  keep  even  that  which  we  have. 

There  is  one  point  that  may  be  an  explanation  of  why  so  many 
tanners  adhere  to  the  old  methods  of  drying — that  is,  that  when  they 
attempt  to  put  in  a  modern  system  of  drying  in  order  to  save  time, 
the  steam  plant  which  they  have  is  inadequate  for  what  they  want  to 
do.  For  if  they  want  to  do  twice  the  work  in  the  same  time,  they 
need  twice  the  capacity  in  the  power  plant,  and  that  proves  to  be  a 
great  draw-back,  especially  on  small  installations. 

I  met  that  problem  recently  in  the  question  of  drying  rugs,  in  a 
cleaning  establishment.  The  dryer  and  cleaner  wanted  to  have  an 
apparatus  that  would  dry  the  rugs  in  four  hours,  by  the  progressive 
method,  but  when  he  found  out  the  necessary  size  of  a  power  plant 
to  do  this,  he  nearly  dropped  dead,  lie  simply  threw  up  his  hands 
and  said:  'T  can  build  space  in  a  loft  much  cheaper  than  that;  1 
won't  put  in  the  power  plant." 

J.  W.  H.  Myrick  :  I  cannot  refrain  from  saying  that  the  trouble 
is  that  the  ordinary  ventilating  engineer  has  not  given  the  commer- 
cial problem  the  thought  and  study  it  should  have.  The  great  strides 
made  by  foreign  countries  demand  more  constructive  research  work 
toward  conservation,  short  cuts,  reclamation,  prevention  of  waste 
and  utilization  of  by-products  if  we  are  to  compete  with  others  and 
maintain  our  share  of  the  world's  markets. 

Cyanide  mills  have  reclaimed  gold  ;  the  paper  mills  save  much 
that  before  went  down  the  stream.  Similarly  the  Government  has 
helped  the  farmer  and  they  have  helped  themselves,  but  there  are 
thousands  of  other  diversified  lines  of  business  that  need  much  help 
along  these  lines  which  is  the  engineers'  field. 

I  know  of  the  case  of  a  big  manufacturer,  where  the  dyer  wanted 
some  ventilation.  Conditions  in  the  room  were  dangerous.  The 
air  was  so  filled  with  steam  that  it  was  dangerous  to  the  employees. 
He  wanted  a  blower  system  but  was  told  it  was  not  necessary  and 
that  all  that  was  required  was  dry  air.  He  took  a  connection  from  the 
back  of  the  boiler  room  and  with  a  fan  introduced  air  that  was 
warm  and  dry,  and  the  trouble  was  eliminated.  In  this  case  a 
blower  svstem  was  not  necessary ;  all  that  was  required  was  com- 
mon sense.  When  the  men  in  the  manufacturing  end  send  for  a 
commercial  engineer,  usually  he  has  something  to  sell. 


Discussion  of  Papers  on  Drying  275 

The  President:  Not  being  in  the  specialty  business,  and  having 
nothing  to  sell,  I  want  to  say  a  word  in  defense  of  the  equipment 
man,  as  well  as  of  the  engineer. 

The  manufacturers  call  in  the  engineer  and  he  wants  something 
new — he  wants  to  meet  some  new  conditions  that  have  not  before 
been  dealt  with.  He  expects  the  engineer  to  make  a  guarantee  to 
produce  exactly  certain  results.  When  this  falls  in  the  province  of 
the  specialty  engineer,  he  is  going  to  furnish  equipment  to  the  amount 
that  he  knows  will  enable  him  to  play  safe.  He  cannot  take  chances. 
So  he  naturally  recommends  the  installation  of  apparatus  that  will 
be  sure  to  meet  the  requirements,  in  order  that  there  will  be  no 
come-back.  The  result  is,  that  many  times  the  owner  pays  for  more 
apparatus  than  is  necessary,  because  he  does  not  want  to  take  any 
chances  himself.  And  there  is  surely  no  reason  why  the  specialty 
man  should  be  called  upon  to  do  so. 

If  the  specialty  man  sells  a  fan  for  taking  care  of  20,000  cu.  ft. 
of  air  per  minute,  and  it  is  found  that  this  amount  is  inadequate, 
there  is  no  reason  why  the  owner  should  not  pay  for  increasing  the 
equipment.  But  very  often,  he  will  not  assume  this  attitude  in  the 
case,  but  rather  the  opposite  one. 

Wq  have  had  this  question  on  cooling,  which  deals  with  this  aspect ; 
also  in  removing  moisture.  The  guarantees  that  are  asked  for  by  the 
architect  in  the  specifications  are  unreasonable;  they  are  more  than 
is  necessary. 

A  consulting  engineer,  if  he  is  called  upon  to  make  a  specification, 
feels  that  he  is  responsible  for  the  results,  and  he  plays  safe,  too, 
and  specifies  apparatus  perhaps  50  per  cent  more  than  the  require- 
ments would  demand,  so  there  will  be  no  come-back  to  him. 

This  is  one  of  the  reasons  v.-hy  we  have  not  made  more  advance- 
ment. The  man  who  will  reap  the  real  benefit  and  who  will  pay  for 
the  apparatus,  is  reluctant  to  assume  any  responsibility  for  it,  or  take 
any  chances  on  a  new  proposition,  and  as  long  as  the  specialty  man 
can  have  plenty  of  business  without  putting  his  head  in  the  noose, 
you  cannot  blame  him. 

J.  W.  H.  Myrick  :  I  remember  a  case  of  a  large  textile  mill,  with 
spinning  room  300  by  100  by  15  ft.,  running  north  and  south,  in 
which  a  relative  humidity  of  GO  was  desired.  At  2  P.  M.,  with  out- 
side temperature  28  deg.  (Fel)ruary),  humidity  50  and  wind  12 
miles  per  hour  to  westward,  the  sun's  rays  striking  into  mill,  and 
infiltration  of  air  also  on  the  long  west  side,  carrying  y2  gram 
moisture  to  the  cul)ic  foot,  the  condition  inside  the  building  on  the 
west  side  was  al^out  45,  as  per  reading  of  wet  and  dry  bulb  ;  the 
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shady  side  to  the  east,  where  there  was  leakage  outward  of  condi- 
tioned air,  showed  88  relative  humidity  as  per  sling-psychrometer. 
The  apparatus  did  what  the  manufacturer  claimed  and  would  have 
given  complete  satisfaction  if  conditions  had  been  fully  considered. 
Many  fans  or  blowers  will  do  what  they  are  rated  for,  but  if  starved 
or  fed  from  wrong  inlets  they  prove  an  unnecessary  expense,  without 
producing  the  desired  results. 

F.  K.  Davis  :  The  question  of  commercial  engineering  is  a  com- 
plex one.  I  do  not  think  the  commercial  engineer  needs  any  apology 
or  defense,  because  I  believe  that  75  per  cent  of  the  advance  in 
engineering  has  been  made  by  the  commercial  engineer.  But  as  Mr. 
Myrick  has  pointed  out,  he  is  in  a  complex  position.  He  is  the  only 
type  of  engineer  whose  time  is  considered  as  worth  nothing.  He  is 
called  in  on  some  proposition  with  the  bare  possibility  that  he  may 
get  an  order  as  the  only  incentive  for  spending  unlimited  time  on  it, 
and  then  often  in  the  end  he  is  told  that  his  equipment  would  cost  too 
much ;  the  result  is — his  time  has  gone  for  nothing. 

Under  these  circumstances,  it  is  only  reasonable  to  suppose  that 
when  the  proposition  is  first  put  into  his  hands  he  will  look  it  over  and 
say  it  can  be  done  for  so  much,  without  going  into  much  detail.  The 
owner  is  likely  to  say  that  it  is  too  much,  or  "Make  it  one-half  and  I 
will  consider  it."  Then  the  commercial  man  has  to  consider  what 
he  can  offer.  He  will  tell  the  owner  that  for  one-half,  the  apparatus 
furnished  will  not  do  the  work,  but  the  owner  says  he  will  take  the 
risk.  He  may  do  it,  but  he  takes  the  risk  of  kicking,  too.  That 
accounts  in  some  degree  for  the  point  that  has  been  brought  out,  I 
think. 

If  the  manufacturer  and  the  customer,  would  look  at  this  from  a 
different  view-point,  that  the  engineer's  time  is  worth  just  as  much 
as  that  of  the  consulting  engineer,  and  pay  him  for  his  time,  as  a 
specialist  irrespective  of  the  apparatus  he  has  to  sell,  it  would  be 
a  different  proposition.  He  could  agree  to  pay  him  for  his  time  if 
he  did  not  get  the  business,  and  that  would  go  far  toward  curing  the 
trouble. 

W.  H.  Carrier  :  This  is  a  subject  that  is  becoming  more  and  more 
interesting,  and  T  think  few  of  us  realize  the  tremendous  possibilities 
that  this  may  have  in  the  future.  As  has  already  been  well 
pointed  out,  there  are  five  elements  that  should  be  taken  into  con- 
sideration in  drying : 

First.  Injury,  or  rather  avoidance  of  injury,  to  the  product  in  the 
process  of  drying.    This  is  usually  due  to  too  rapid  drying,  or  drying 


Discussion  of  Papers  on  Drying  277 

at  too  low  a  humidity,  or  sometimes  too  high,  either  of  which  is 
wrong. 

Second.  Injury  to  the  product  at  the  completion  of  the  drying, 
or  loss  in  value  upon  completion,  due  to  too  great  an  amount  of 
de-hydration,  and  the  product  does  not  contain  the  normal  amount  of 
moisture.  In  this  case,  there  is  always  an  injury  to  the  man  who 
sells  on  the  pound  basis,  for  he  is  not  getting  paid  for  the  product 
at  its  normal  value.  For  instance,  take,  as  an  illustration,  flour 
which  is  supposed  to  contain  13.5  per  cent  moisture ;  if  the  miller 
turns  the  flour  out  at  over  that,  and  it  is  work  done  on  a  close  margin, 
he  is  losing  money.  This  is  a  question  that  must  be  considered  in 
drying. 

Third.  The  matter  of  economy  in  drying,  which  is  of  great  impor- 
tance. This  depends  upon  the  engineering  value  of  the  scheme 
employed. 

Fourth.  Economy  of  time,  the  amount  of  time  necessary  to  com- 
plete the  operation,  between  the  manufacturing  operation  and  selling 
the  product. 

Fifth.  The  initial  cost ;  this  is  usually  of  the  least  importance,  and 
it  is  usually  found  that  the  apparatus  that  will  give  the  best  results  is 
essentially  more  expensive,  but  the  cost  of  it  is  paid  over  m.any  times 
by  the  avoidance  of  injury,  economy  in  time,  etc. 

The  importance  of  the  proper  moisture  in  the  final  product  has 
received  too  little  attention.  Everything  has  a  normal  amount  of 
moisture,  and  if  you  do  not  put  this  proper  amount  of  moisture  back 
into  it,  the  product  is  not  as  good,  commercially,  as  it  should  be, 
and  in  many  cases  a  number  of  troubles  are  caused  by  this,  in  the 
further  process  of  manufacture,  as  well  as  in  larger  losses  due  to  the 
sale  of  the  product. 

Another  point  might  be  spoken  of  in  connection  with  the  specialty 
field,  and  the  relation  of  the  commercial  engineer  to  the  consulting 
engineer.  I  always  feel,  being  classed  as  a  commercial  engineer,  that 
it  is  desirable  to  have  the  consulting  engineer  in  charge  of  the  plant, 
and  have  the  commercial  engineer  consult  with  him.  The  commer- 
cial engineer  cannot  spend  the  time  and  investigation  that  is  necessary 
to  co-relate  his  part  of  the  plant  to  the  complete  equipment.  The 
method  of  supplying  the  steam  and  the  handling  of  the  condensation 
are  out  of  his  province ;  he  is  not  familiar  with  this  part  of  the  work. 
That  is  a  matter  for  the  consulting  engineer  to  take  care  of. 

The  commercial  engineer  is  a  specialist  in  his  particular  line,  or 
field  of  equipment,  and  he  is  much  better  informed  than  the  con- 
sulting engineer  can  be,  in  this  special  field,  to  tell  what  the  form  of 
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his  apparatus  should  lie,  under  certain  definite  con(hlions.  The  con- 
suhing  engineer  is  not  in  a  position  to  guarantee  results  to  be 
produced  by  the  apparatus  installed.  That  is  up  to  the  commercial 
man.  The  purchaser  is  right  in  requiring  guarantees,  and  the  com- 
mercial engineer  must  look  after  this,  and  it  should  be  considered  in 
the  price.  The  manufacturer  caiuiot  take  the  responsibility  of  special 
apparatus  unless  he  receives  a  reasonable  remuneration  for  the 
engineering  he  must  give  this  special  work,  in  connection  with  the 
consulting  engineer,  in  order  to  have  reasonable  assurance  of  the 
performance  of  the  apparatus. 

F.  R.  Still  :  There  are  one  or  two  points  which  have  not  been 
discussed  that  I  would  like  to  mention.  I  think  it  should  be  the 
province  of  this  Society  and  all  engineering  universities,  to  attempt 
to  establish  standards  whereby  we  can  more  closely  determine  what 
is  100  per  cent  efficiency  for  the  drying  of  various  substances.  This 
work  is  essentially  a  laboratory  study.  Heretofore  it  has  been  left 
to  the  manufacturers  of  special  machinery  and  to  engineering 
specialists,  to  determine  their  own  basis  of  calculation,  and  they  have 
been  compelled  to  apply  arbitrary  factors  of  safety  because  they  have 
had  nothing  to  guide  them,  beyond  their  own  experience  and  their 
conclusions  have  been  based  on  their  individual  work  in  the  field 
which  frequently  does  not  offer  sufficient  duplication  for  satisfactory 
comparisons. 

In  the  drying  of  some  substances,  some  manufacturers  have  long 
dealt  with  them  and  have  thereby  gradually  been  approximating  the 
point  of  100  per  cent  efficiency,  but  the  larger  majority  of  the  sub- 
stances to  be  dealt  with,  are  yet  in  a  field  almost  entirely  unexplored. 
The  consulting  engineer  and  the  commercial  engineer  are  all  in  want 
of  the  same  information,  and  we  should  get  together  in  some  manner 
so  that  it  can  be  obtained. 

As  a  suggestion  in  this  connection,  it  seems  as  though  certain  com- 
mittees could  be  profitably  appointed  out  of  this  Society,  to  take  up 
matters  of  this  kind,  study  it  carefully  and  outline  some  general 
schemes  of  action  for  the  Society,  thereby  adding  to  the  interest  in 
the  meetings  and  helping  to  develop  subjects  for  papers  covering 
new  subjects  that  would  contain  information  we  are  all  anxious  to 
obtain.  It  would  still  further  lead  to  a  standardization  of  practice 
in  many  lines,  similar  to  the  work  done  by  many  of  the  other  en- 
gineering societies. 

The  commercial  engineer  who  is  attached  to  the  engineering  de- 
partment of  some  manufacturer  has  nothing  to  fear.  As  Mr.  Carrier 
has  said :     "The  commercial  engineer  will  always  have  his  field,  as 
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he  is  essentially  a  specialist."  No  matter  how  far  the  consulting 
engineer  or  this  Society  may  go,  he  will  always  be  needed.  The 
consulting  engineer  knows  the  results  he  wants  to  get  and  he  will 
always  be  dependent  upon  the  commercial  engineer  to  tell  him  how 
to  obtain  them. 

As  an  example,  take  the  drying  of  starch;  starch  manufacturers 
have  chemists  and  their  own  consulting  engineers.  They  know  what 
results  they  want  to  attain  ;  they  know  the  condition  the  starch  should 
be  in  when  it  comes  from  the  mill.  A  commercial  drying  engineer 
only  knows  what  the  starch  m'inufacti:rer  wants,  because  the  latter 
tells  him  so,  but  he  must  know  how  to  manufacture  the  apparatus 
that  will  produce  the  desired  results  and  how  to  set  up  the  conditions 
in  the  drying  chamber  necessary  to  bring  them  about. 

When  dealing  with  any  new  substance,  with  which  we  have  pre- 
viously had  no  experience,  it  will  always  be  necessary  to  apply  factors 
of  safety,  unless  the  matter  has  previously  been  investigated  and  a 
standard  already  adopted.  The  sooner  such  standards  are  adopted, 
the  greater  will  be  the  elimination  of  waste  and  the  more  confidence 
will  the  public  have  in  the  ability  of  engineers. 

In  conclusion,  I  would  say  that  the  motto  of  this  Society  should  be 
"Establish  100  per  cent  Efficiency  In  All  Lines  of  Engineering."' 

W.  L.  Fleisher:  In  connection  with  this  subject,  I  might  say  that 
I  have  had,  lately,  some  interesting  experience  with  a  progressive 
leather  drying  operation,  where  we  designed  and  installed  the 
apparatus.  The  customer  hr.d  a  proposition  for  a  progressive  dryer 
from  the  Philadelphia  Textile  Machinery  Company  to  dry  a  certain 
number  of  skins  per  day  by  the  removal  of  10  per  cent  by  weight 
of  water  in  the  skins.  The  customer  took  this  matter  up  with  us, 
and  gave  us  a  series  of  tests  for  our  guidance,  and  these  showed  a 
larger  percentage  of  moisture  than  10  per  cent. 

We  presented  an  estimate  for  this  work  in  which  we  agreed  to 
dry  a  certain  number  of  skins.  We  developed  a  machine  that 
removed  from  the  skins  that  we  put  through  it,  an  average  of  17.5 
to  26  per  cent,  and  when  they  were  through,  the  owners  claimed  that 
they  were  still  not  dry.  On  putting  the  skins  through  a  second  time, 
V/i  per  cent  or  less,  by  weight,  was  removed,  and  after  this  small 
amount  was  removed,  the  customer  was  satisfied  as  to  the  dryness 
of  the  skins. 

Their  method  of  testing  a  skin  to  see  whether  it  was  dry,  was 
entirely  by  feeling.  They  seemed  to  know  what  they  considered  was 
a  dry  skin,  and  cared  very  little  for  percentages  of  moisture  removed. 
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The  capacity  of  the  machine  had  to  be  practically  doubled  to  re- 
move this  extra  percentage  of  moisture,  which  they  insisted  on 
having  removed  in  one  passage  of  the  skins  through  the  dryer. 

The  unfortunate  part  of  this  entire  proposition  was  that  we  had 
not  stated  in  our  proposition  to  the  customer  the  percentage  of  mois- 
ture which  we  were  going  to  remove,  but  simply  stated  that  we  were 
going  to  dry  the  skins.  The  small  amount  of  additional  moisture 
which  they  insisted  on  our  removing  absolutely  destroyed  the  profit- 
able feature  of  the  installation  for  us. 

As  I  have  stated,  the  original  bidder  on  this  proposition,  who  is 
one  of  the  largest  manufacturers  of  drying  machines,  guaranteed  the 
removal  of  10  per  cent  of  moisture,  which,  unquestionably,  would 
not  have  delivered  the  skins  dry.  Nevertheless,  he  would  have  had 
the  owners  in  a  position  where  they  would  have  had  to  accept  the 
machine  or  pay  for  its  correction.  In  fact,  the  owners  stated  to  us 
that  they  would  have  insisted  on  this  other  concern  making  good, 
notwithstanding  anything  they  might  have  said  about  percentages  of 
moisture  removed. 

The  thing  that  I  want  to  bring  out  particularly  is,  that  it  is  of  the 
utmost  importance  in  drying,  that  a  definite  statement  and  guarantee 
acceptable  to,  and  accepted  by  the  owners,  should  be  obtained  before 
the  engineer  or  contractor  enters  into  any  agreement  for  the  drying 
of  any  material. 
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Pozver  Equipment.  There  is  a  distinction  of  method  employed 
in  heating,  ventilating  and  lighting  the  two  classes  of  buildings, 
due  to  the  increased  size,  and  large  power  requirements  in  the 
various  laboratories  and  shops  of  the  High  School  Buildings.  In 
Philadelphia  the  academic  and  manual  training  high  schools  for 
boys  and  girls  of  each  district,  are  consolidated  in  separate  por- 
tions of  one  building.  The  power  plant  of  the  high  school  class 
of  building  consists  of  high  pressure  water  tube  boilers,  usually 
in  four  units.  One  boiler  of  100  h.p.  capacity  for  the  minimum 
day  load  in  the  early  fall  and  late  spring  months,  one  200  h.p. 
boiler  to  carry  the  load  as  the  requirements  increase,  and  two 
larger  boilers,  the  four  aggregating  a  capacity  to  meet  all  de- 
mands when  the  full  heating  load  is  required.  This,  we  find  is  a 
very  flexible  and  satisfactory  arrangement  of  our  steam  generat- 
ing units. 

In  our  recent  installations,  each  boiler  is  equipped  with  auto- 
matic stoker  and  grate  for  the  smokeless  burning  of  bituminous 
coal.  The  coal,  as  received,  is  crushed  to  proper  size  for  handling, 
then  elevated  to  storage  bins  or  overhead  bunkers,  as  desired,  and 
through  a  weighing  larry  to  the  stoker  hoppers.  The  conveying 
system  which  handles  the  coal  also  moves  the  ashes  and  deposits 
them  in  storage  spaces  or  carries  them  from  storage  to  the  wagon 
hopper  as  required.  Ashes  are  usually  removed  from  the  prem- 
ises twice  a  vear. 
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The  boilers  are  set  to  deflect  the  gases  of  combustion  three 
times,  and  at  each  pass  a  sleeve  is  built  in  for  the  application  of  a 
pyrometer.  An  economizer  is  set  in  connection  with  the  boilers, 
the  gases  passing  from  boilers  through  same  to  stack,  or  by- 
passed if  required.  The  economizers  are  designed  to  raise  the 
feed  water  from  200  to  280  deg.  fahr.  Well  thermometers  are 
provided  on  the  feed  water  pipes  at  each  side  of  the  economizer. 
Each  boiler  is  provided  with  an  efficiency  meter  and  the  usual 
fixtures  required  by  law,  and  with  such  additions  and  modifica- 
tions as  our  experience  demands,  i.e.,  steam  operated  eoot  blowers, 
non-return  steam  stop  valves  in  addition  to  the  usual  main  stop 
valves,  connections  for  calorimeter,  etc.. 

The  boilers  are  designed  for  125  lb.  steam  pressure,  at  which 
the  safety  valves  are  set.  The  usual  operating  pressure  is  110  lb., 
to  insure  the  required  minimum  of  100  lb.  initial  pressure  at  the 
engines.  The  result  of  test  runs  made  in  three  of  our  later  build- 
ings was  from  72  to  75  per  cent,  efficiency  for  furnace  and  grate 
when  operating  at  135  to  150  per  cent,  of  rating. 

We  provide  in  this  class  of  building  a  permanent  set  of  tanks 
and  scales  for  weighing  water  and  ashes,  for  testing  purposes, 
and  to  be  operated  by  the  scholars  who  elect  to  take  an  engineer- 
ing course. 

Ventilation.  Our  state  laws  require  that  fresh  air  be  delivered 
to  class  rooms  at  a  minimum  of  30  cu.  ft.  per  minute  per  capita. 
To  accomplish  this  we  use  the  plenum  system  of  ventilation,  with 
fresh  air  intakes  at  grade,  and  of  such  area  that  the  velocity 
through  them  does  not  exceed  500  ft.  per  minute.  The  air  is 
drawn  through  primary  heaters  at  1 ,000  ft.  velocity,  the  capacity 
of  these  heaters  being  a  temperature  rise  of  from  zero  to  40  deg. 
fahr.  Next  the  air  passes  through  the  washer  and  humidifier 
at  500  ft.  velocity.  The  washers  are  of  the  vertical  flooded 
eliminator  type,  designed  for  an  air  resistance  limit  of  0.3  in. 
A  motor  driven  centrifugal  pump  is  used  to  circulate  the  water 
and  maintain  20  lb.  pressure  at  the  spray  nozzles  and  5  lb.  at  the 
flooding  nozzles.  The  washers  are  under  automatic  humidity 
control,  the  temperature  of  saturation  being  held  constant  during 
the  heating  season  by  the  introduction  of  varying  quantities  of 
steam  into  the  circulating  water.  A  temperature  of  from  45  to  50 
deg.  is  usually  carried  at  this  point,  as  any  higher  degree  of 
saturation  causes  condensation  on  the  windows  in  cold  weather. 

In  some  of  our  buildings,  owing  to  local  conditions,  the  accumu- 
lation of  dirt  is  so  rapid  we  find  it  necessary  to  change  the  water 
in  the  settling  tanks  daily.    Whenever  the  water  is  changed  the 
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fresh  supply  is  neutralized  by  the  use  of  caustic  soda,  in  the  pro- 
portion of  one  pound  to  each  one  thousand  gallons  of  water  used ; 
this  treatment  of  the  water,  we  find,  to  a  great  extent,  prevents 
corrosion  of  the  metal  used  in  the  construction  of  the  washer. 

After  leaving  the  washer  the  air  passes  through  the  usual  "steel 
plate"  fan  and  is  discharged  through  secondary  heaters  which  raise 
the  temperature  to  90  deg.  fahr.  The  velocity  through  this  latter 
heater  is  1 ,200  ft.  per  min. 

In  the  construction  of  our  heaters  we  use  "Aeral"  cast  iron 
radiator  sections,  designed  by  the  writer  in  1893,  which,  to  the 
best  of  his  knowledge,  was  the  first  cast  iron  radiator  used  in 
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hot  blast  heater  construction.  Owing  to  the  construction  of  these 
heaters  and  the  manner  of  connection  they  make  very  flexible 
units,  readily  meeting  the  varying  temperature  requirements. 
It  is  our  usual  practice  that  each  row  of  each  tier  in  height  of 
the  heater  shall  be  separately  valved  and  under  hand  control, 
but  in  some  instances  automatic  control  is  used;  we  prefer  the 
hand  control,  to  compel  personal  attention  by  the  engineer. 

Leaving  the  secondary  heater,  the  air  passes  through  the  usual 
galvanized  iron  ducts  at  about  1,000  ft.  velocity,  up  vertical  flues 
at  500  ft.  velocity,  again  ex])anding  at  the  flue  outlets  at  a  velocity 
of  375  to  100  ft.  per  minute.  The  flue  outlet  openings  to  class 
rooms  are  usually  9  ft.  above  the  floor,  and  the  temperature  of  the 
air  delivered  is  from  68  to  85  deg.  as  required. 
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The  vent  flues  are  the  same  size  as  the  heat  flues  (with  intake 
openings  at  floor),  and  are  continuous  from  that  level  to  the  attic 
space,  where  three  or  more  flues  are  gathered  into  a  vent  chamber 
which  is  piped  through  the  roof  and  capped  with  copper  ven- 
tilators (so-called)  or  weather  hoods.  Each  flue  is  fitted  with  a 
damper,  hand  operated  and  located  at  the  flue  intake. 

The  ventilation  of  the  auditoriums  is  along  the  same  lines  as 
above  mentioned,  an  entirely  separate  set  of  apparatus  being  used. 
Frequently  the  administrative  portions  of  the  building  and  the 
gymnasium  are  ventilated  by  this  latter  apparatus,  as  these  apart- 
ments are  very  often  in  use  when  the  class  rooms  are  not 
occupied. 

After  leaving  the  air  washer  and  heater  the  air  is  expanded 
into  a  plenum  chamber  located  under  the  auditorium ;  from 
this  chamber  the  air  is  delivered  at  the  floor  of  the  auditorium 
at  125  ft.  velocity  through  mushroom  distributers,  of  which  there 
are  from  400  to  600  in  all. 

Vertical  flues  are  provided  to  the  stage  and  gallery,  each  pro- 
portioned to  deliver  from  J, 000  to  3,000  cu.  ft.  of  air  per  minute. 
To  the  stage  tempered  air  only  is. delivered,  under  thermostatic 
control,  for  cooling  this  portion  of  the  auditorium.  The  gallery 
flues,  of  which  there  are  two,  deliver  warm  air  under  the  gallery, 
or  tempered  air  at  the  gallery  floor,  having  flue  and  duct  dampers 
automatically  operated ;  the  tempered  air  is  delivered  to  the 
gallery  when  the  temperature  in  the  body  of  the  house  reaches  63 
deg.  fahr. 

The  vitiated  air  is  removed  from  the  auditorium  through 
grilled  openings  in  the  ceiling  and  frieze  cornices.  These  open- 
ings are  connected  by  ducts  in  the  attic,  run  to  roof  and  capped 
with  the  usual  weather  hood.  All  exit  dampers  are  hand  con- 
trolled from  gallery  level. 

For  toilet  room  ventilation  we  provide  25  sq.  in.  of  flue  area 
for  each  urinal  stall  and  flush  closet  seat.  The  stall  openings 
are  at  bottom  and  discharge  into  horizontal  spaces  which  connect 
to  a  vertical  flue.  The  openings  for  the  seats  are  located  at  the 
rear  and  slightly  above  the  seat,  connecting  through  wall  by 
iron  sleeve  set  at  an  angle  of  45  deg.  into  the  horizontal  space, 
which  also  connects  to  the  vertical  flue.  These  vertical  flues  are 
of  brick  throughout  and  in  every  way  separate  and  apart  from  the 
ventilation  of  other  parts  of  the  building.  At  the  base  of  each 
vertical  flue  for  toilet  ventilation  we  provide  a  cast-iron  stack 
stove  or  accelerator,  which  we  believe  is  for  this  purpose  the  most 
efficient  means  of  rarefying  the  air — more  efficient  than  either  a 
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Steam  coil  or  exhaust  fan.  The  fresh  air  supply  to  toilet  rooms 
is  from  the  plenum  system,  in  quantity  usually  twelve  air  changes 
per  hour. 

The  ventilation  of  the  kitchens  and  lunch  rooms,  which  are 
located  in  the  basement,  is  independent  of  the  class  room  system, 
these  flues  extending  to  6  ft.  above  the  roof.  Exhaust  fans  are 
provided  in  the  attic,  and  by  means  of  a  double  system  of  damp- 
ers, the  ventilation  may  be  through  the  fan  or  by  gravity.  The 
fans  are  motor  driven,  with  starting  mechanism  located  in  the 
kitchen. 

The  ventilation  and  removal  of  smoke  from  the  forge  shops  is 
through    exhaust    connections   to   the   top    of   each    forge   hood. 


«/? 


FIG.   2.     THE  FRAXKl-OKD  DISTRICT   HIGH   SCHOOL,   PHILADELPHIA,    PA. 


turning  down  and  connecting  to  concrete  ducts  run  under  floor 
of  shop.  These  ducts  connect  to  a  vertical  flue  extending  G  ft. 
above  the  roof,  and  an  exhaust  fan  is  used  with  dampers  and 
starting  mechanism  substantially  as  for  kitchen  ventilation. 

Direct  Radiation.  As  herein  mentioned,  the  temperature  of  all 
fresh  air  supplied  for  ventilation  does  not  exceed  90  deg.  fahr. 
The  heating  of  the  building  is  through  the  medium  of  direct 
radiation,  of  which  we  provide  sufficient  to  offset  the  heat  losses 
through  the  exposed  glass  and  wall.  The  usual  cast  iron  radiators 
are  used,  of  both  column  and  wall  pattern.  We  also  use  pipe 
coils  fitted  with  "Evas"  manifolds,  which  provide  three  stages 
of  heating  surface.  These  manifolds  are  diaphragmed  and  each 
part  of  the  coil  is  separately  valved ;  assuming  a  six  pipe  coil, 
with  this  manifold  we  may  have  in  use  two  pipes  or  four  pipes 
as  desired,  or,  with  all  valves  open,  the  entire  coil  of  six  pipes. 
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We  place  the  direct  radiation  along  the  exposed  wall,  under  the 
windows,  which,  owing  to  the  system  of  uni-lateral  lighting  in 
use,  is  opposite  the  heat  and  vent  flue  openings.  By  this  arrange- 
ment the  air  from  the  plenum  system  is  delivered  across  the 
room  toward  the  glass  surface,  resulting  in  the  cool  descend- 
ing currents,  mingling  with  the  rising  currents  from  the  direct 
radiation,  thereby  maintaining  a  greater  degree  of  convection. 
When  radiators  are  used,  two  are  provided  for  each  class  room, 
one  of  which  is  under  automatic  control ;  if  coils  are  used  the 
entire  coil  is  under  automatic  control  and  each  section  of  coil 
hand  controlled  as  mentioned. 

The  exhaust  steam  from  engines  and  pumps  is  used  in  the 
direct  radiation,  at  a  pressure  not  exceeding  2  lb. ;  live  steam  is 
supplemented  when  required  at  the  same  pressure.  A  steam 
pressure  of  30  lb.  is  used  in  the  plenum  system  heaters. 

The  water  of  condensation  from  all  sources  is  returned  either 
by  gravity  or  pump,  to  an  open  type  feed  water  heater  which 
raises  the  temperature  of  the  return  water  to  210  deg.  fahr.  From 
this  heater  the  water  is  pumped  through  the  economizer,  or  by- 
passed to  the  boilers. 

The  piping  to  the  direct  radiation  is  the  usual  down  feed 
system,  which,  starting  from  the  main  vertical  exhaust  pipe,  is 
run  in  the  attic  to  the  riser  lines.  The  radiators  are  connected 
on  the  one  pipe  system  and  an  air  line  is  provided,  on  which 
from  3  to  -i  in.  of  vacuum  is  maintained. 

At  times  it  is  necessary  to  warm  the  administration  offices 
without  heating  other  parts  of  the  building;  to  this  end  the 
radiators  in  these  apartments  are  cross  connected  to  auxiliary 
mains  carr3ang  live  steam  at  30  lb.  pressure.  Another  auxiliary 
main  at  30  lb.  pressure  supplies  steam  for  the  kitchen  and  me- 
chanical laboratory  fixtures.  Hot  water  for  the  shower  baths, 
lavatories,  etc.,  is  provided  from  steam  heated  generators. 

Auxiliary  Equipment.  Refrigerated  water  is  supplied  to  drinking 
fountains  located  near  the  lunch  rooms  and  at  other  advantageous 
places  throughout  the  building.  The  fountains  are  fitted  with  the 
non-touch  spring  type  drinking  nozzles.  A  motor  driven  cen- 
trifugal pump  is  used  to  maintain  a  balanced  circulation  through- 
•out  the  system. 

These  buildings  are  also  equipped  with  a  vacuum  cleaning 
system,  usually  of  the  steam  aspirator  type,  which  is  preferable 
on  the  score  of  simplicity  and  because  ready  for  use  at  all  times 
without  the  use  of  machinery  other  than  steam  pressure  on  the 
boilers. 
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Electrical  Equipment.  The  engine  and  electric  generator  equip- 
ment of  the  buildings  is  usually  designed  with  three  units.  One 
of  these  is  a  standard  unit,  consisting  of  a  13  by  12,  single-valve, 
high-speed  engine,  direct  connected  to  a  65  kw.  three-wire  115 
and  230  volt,  generator,  which  is  of  ample  capacity  to  take  care 
of  the  lighting  and  power  requirements  of  the  auditorium  with 
surrounding  corridors  and  entrances  during  its  use  for  evening 
lectures,  entertainments,  etc.,  or  which  may  be  used  when  only 
a  light  load  is  required  in  any  part  of  the  building.  The  other 
^wo  units  are  of  larger  size  and  consist  of  engines  of  the  four- 
valve   type   direct   connected   to   three   wire   generators.     These 


FIG.    3.      REAR    VIEW    OF    FKANKFORD    DISTRICT    HIGH    SCHOOL,    SHOWING 

POWER    HOUSE 


generators  are  of  such  capacity  as  is  required,  operating  in 
connection  with  the  small  generator,  to  provide  for  the  estimated 
maximum  load  for  power,  lighting  and  experimental  purposes. 
These  three  units  are  connected  for  parallel  operation  to  the 
switchboard. 

All  wiring  is  run  in  concealed  conduit.  The  feeders  from  the 
switchboard  to  the  various  power  and  lighting  centers  are  in 
some  cases  run  underground  and  in  other  cases  on  the  ceiling 
of  the  basement  through  the  concrete  beam  construction,  in  which 
sleeves  have  been  provided  for  the  purpose.  All  underground 
wiring,  including  the  generator  leads,  is  lead  encased.  All  power 
circuits  are  two-wire  230  volts.  Lighting  feeders  between  the 
switchboard  and  distributing  panel  boards  are  three  wire  115 
and  230  volts. 
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The  panel  boards  are  of  electric  slate  mounted  in  flush  type 
steel  boxes  built  into  the  side  walls.  Each  board  or  center  is 
fitted  with  a  three-pole  fused  main  switch,  bus  bars  and  two-pole 
fused  branch  switches,  controlling  each  circuit  leaving  the  board. 
These  two-wire  branch  circuits  are  run  to  the  light  outlets  in  the 
various  rooms  through  push  switches  located  on  wall  of  the  room 
near  entrance  door  for  local  control. 

Separate  two-wire  230  volt  power  circuits  are  run  from  the 
switchboard  to  distribution  centers  and  lantern  outlets,  located 
in  the  various  shops,  laboratories,  auditorium  and  other  rooms 
designed  for  illustrative  work. 

The  lighting  for  the  ordinary  class  or  study  rooms  is  designed 
for  and  does  approximate  3^2  ft.  candles  on  the  desk  plane. 
The  lights  are  located  close  to  ceiling  or  approximately  13  ft. 
above  the  floor.  Satin-finish  prismatic  reflectors  are  used  and 
are  of  extensive,  intensive,  or  focusing  type,  depending  upon  the 
size  of  lamp  units  and  the  spacing  of  same.  In  special  cases 
where  higher  intensities  are  desirable,  as  in  rooms  used  for  draw- 
ing and  sewing,  the  lighting  system  is  designed  to  give  five  foot- 
candles  on  the  plane  of  illumination. 

The  main  body  of  auditorium  is  illuminated  by  reflection  from 
the  ceiling  which  is  coved  to  meet  an  ornamental  plaster  frieze, 
running  around  the  four  sides  of  the  room.  The  light  outlets 
are  concealed  behind  this  frieze  and  are  spaced  12  in.  from  center 
to  center  for  the  entire  length  of  same.  Each  outlet  in  the  frieze 
strip  is  equipped  with  a  40  watt  lamp  and  an  aluminum  lined 
metal  reflector  set  at  such  an  angle  as  has  been  found  to  procure 
the  best  results.  The  wiring  is  so  arranged  that  adjacent  lamps 
are  fed  by  alternate  circuits.  This  permits  the  cutting  out  of 
every  other  lamp  when  full  illumination  is  not  desired  and  also 
practically  eliminates  the  possibility  of  an  entirely  darkened 
.'-ection  should  a  circuit  fuse  blow. 

The  portion  of  the  auditorium  under  gallery  is  lighted  by  orna- 
mental semi-indirect  fixtures.  The  stage  is  illuminated  by  the 
foot  lights,  and  strip  lights  concealed  from  the  auditorium  in  the 
proscenium  arch.  These  lights  are  also  arranged  on  alternate 
circuits. 

The  gymnasivim  lights  are  placed  in  large  metal  lined  ceiling 
pockets  which  are  closed  by  a  wire  grille  set  flush  with  ceiling. 

In  addition  to  the  electric  lighting  system  just  described,  the 
entire  building  is  equipped  with  a  system  of  pilot  gas  lighting, 
for  use  by  the  night  watchman  or  in  case  of  a  sudden  breakdown 
of  the  generating  plant. 
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The  buildings  are  equipped  with  an  inter-communicating  tele- 
phone system,  so  that  the  main  office  can  communicate  with  every 
class  room  or  apartment.  Iron  box  wall  phones  are  used  in  the 
rooms  and  a  hand  michro-phone  in  the  clerks'  office.  The 
'phone  board  is  mounted  on  the  clerk's  desk  with  a  jack  and 
extension  to  principal's  desk.  The  ringing  and  talking  circuits 
are  operated  with  the  usual  wet  batteries. 

Each  room  is  also  fitted  with  an  electric  bell  operated  by  an 
electric  clock  and  program  machine  with  a  button  board  auxiliary 
for  hand  operation  located  in  the  clerk's  office.     The  battery  for 


FIG.   4.     THE   GENERAL   D.    B.    BIRNEY   ELEMENTARY   SCHOOL, 
PHILADELPHIA,    PA. 

clock,   program   machine  and   bell   operation   is   of  the   chloride 
accumulator  type  with  automatic  charge  and  discharge. 

In  connection  with  the  electric  power  system  of  the  buildings, 
one  or  more  electrically  driven,  duplex  worm  and  gear  type, 
passenger  elevators  are  installed  for  use  of  the  teachers  and 
pupils.  A  freight  elevator  of  the  same  type  is  also  provided  for 
carrying  materials  to  the  laboratories  and  shops. 


ELEMENTARY  SCHOOLS 

In  our  elementary  school  buildings,  of  from  12  to  50  class 
rooms,  we  employ  the  same  method  of  ventilation  as  described 
for  high  schools. 

The  boilers  used  are  cast  iron  sectional  or  steel  water  tube 
pattern,  usually  fitted  with  20  per  cent,  air  space  dumping  grates. 
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for  burning  No.  1  buckwheat  coal.  For  the  larger  class  of  build- 
ings the  smoke  stacks  are  of  the  radial  type,  125  ft.  high.  We 
provide  from  two  to  four  boiler  units,  the  number  and  size  being 
governed  by  the  size  and  exposure  of  the  building.  The  maxi- 
mum steam  pressure  carried  is  30  lb. 

The  fans  and  air  washer  pumps  are  belt  driven  from  the 
engines,  which  are  of  the  horizontal  or  vertical  type,  as  space  or 
local  conditions  require.  The  engines  are  proportioned  to  develop 
the  required  power  at  the  low  boiler  pressure  carried.  The  ex- 
haust steam  from  the  engines  and  pumps  is  used  in  a  portion  of 
the  plenum  heaters.  The  heat  losses  through  the  exposed  glass 
and  wall  surfaces  are  offset  by  the  use  of  direct  radiation  as 
in  the  high  school  buildings,  full  boiler  pressure  of  30  lb.  being 
carried  on  the  direct  radiation. 

The  condensation  from  the  direct  radiators  is  returned  to  the 
boilers  by  gravity,  and  that,  from  the  plenum  heaters  passes 
through  float  traps  to  the  receiver  and  pump,  and  discharges  to 
the  boilers.  In  this  class  of  building  the  direct  radiation  is  usu- 
ally connected  by  the  two-pipe  up-feed  system,  hand  and  auto- 
matically controlled.  Each  radiator  and  coil  is  fitted  with  an 
automatic  air  valve. 

In  several  of  our  larger  buildings  of  recent  construction,  we 
are  trying  boilers  equipped  with  down  draught  water  grates  for 
burning  bituminous  coal ;  these  are  of  such  late  installation, 
however,  that  we  are  not  prepared  to  give  any  data  as  to  results. 

We  have  at  the  present  time  under  course  of  construction  in  a 
high  school  building,  a  boiler  installation  which  will  include  a 
system  of  balanced,  forced  draft,  a  semi-Dutch  oven  and  dumping 
grates,  designed  to  burn  No.  2  and  3  buckwheat  coal. 

As  a  matter  of  possible  interest  to  the  members,  I  offer  the 
following  cost  and  descriptive  data  covering  the  new  Germantown 
District  High  School  of  Philadelphia : 

Materials  used  for  exterior Brick,  stone  and  terra-cotta. 

Class  of  construction Fire-proof  throughout. 

Total  cube  of  building 5,347,132  cu.  ft. 

Pupils    accommodated    3,000 

Total  cost  of  building $784,954.00 

Cost  exclusive  of  items  mentioned  below $614,927.00 

Cost  of   heating,   including  boilers,   stokers,   conve\'ors,    econ- 
omizers, vacuum  cleaning  and  refrigeration $98,070.00 

Cost  of  ventilation $5,957.00 

Cost  of  electrical  installation,  including  engines  and  generators.  $45,000.00 
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Cost  of  plumbing   $21,000.00 

Engines   Two  16  x  24  in.,  and  one  12  x  12  in. 

Generators  (D.C.)  two  165  kw.  and  one  65  kw. 

Boilers,  water  tube Two  350  h.p..  one  200  h.p.,  and  one  100  h.p. 


DISCUSSION 

Note.  In  presenting  the  paper  the  Author  made  the  following  intro- 
ductory remarks  : 

The  first  reference  made  is  to  something  that  I  think  is  peculiar  to 
our  city.  We  combine  the  high  schools  for  both  boys  and  girls,  for 
academic  and  manual  training  work.  The  glass  equivalent  is  taken 
care  of  by  direct  radiation  placed  under  the  outside  windows.  The 
ventilation  is  taken  care  of  by  vent  flues  placed  on  the  same  side  of 
tiie  rooms  as  the  heat  flues,  and  gathered  into  two  or  three  chambers 
in  the  attic,  where  it  is  taken  put  through  weather-topped  vent  flues. 
The  toilet  room  ventilation  is  separate. 

The  direct  heating  is  usually  by  the  use  of  radiators.  We  also  use 
coils  provided  for  three  stages  of  heating.  They  are  diaphragmed 
and  valved  so  that  it  is  possible  to  use  two,  four  or  six  pipes,  accord- 
ing to  requirements.  We  also  use  some  of  eight  pipes,  valved  so 
they  can  be  used  in  groups  of  three,  five  or  eight. 

In  the  elementary  schools,  a  boiler  pressure  of  30  lb.  is  carried  on 
all  radiation,  both  direct  and  heater.  The  condensation  is  taken  care 
of  through  traps  from  the  heaters,  and  by  gravity  from  the  direct 
radiators.    It  works  economically  and  is  easy  to  manipulate. 

We  use  mechanical  stokers  in  several  buildings,  and  are  putting  in 
down  draft  grates  for  burning  soft  coal  in  several  other  buildings, 
also  a  forced  draft  equipment  for  burning  No.  4  buckwheat,  which 
we  expect  to  have  running  in  a  few  months. 

The  paper  gives  the  prices  of  one  of  our  high  school  buildings. 
In  the  cost  of  the  heating  and  ventilating  and  electrical  and  plumbing 
work  there  is  a  big  error.  That  is,  not  in  the  figures,  but  by  the  con- 
tractor. In  one  case  there  is  a  difference  of  $4,000  because  the  con- 
tractor left  out  the  elevator  in  his  calculations.  In  another  there  was 
a  loss  of  $5,000.  Both  of  these  were  made  by  reliable  firms  who 
stood  the  loss.  Of  course,  a  mistake  of  this  kind  will  change  the  cost 
of  a  building  when  the  figures  are  used  for  comparative  purposes. 

F.  G.  Mc  Cann  :  I  am  grateful  to  the  Author  for  this  paper,  as  it 
is  a  valuable  one  to  have  on  our  records.     In  order  to  enhance  its 
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value,  I  have  given  Mr.  Cassell  some  questions  that  I  would  like  to 
have  him  answer. 

He  speaks  of  30  lb.  pressure  being  carried  on  the  direct  radiation. 
If  this  is  cast  iron,  I  would  not  wish  to  be  sitting  near  it.  We  usually 
use  about  two  pounds,  and  get  much  better  results  than  with  eight  or 
ten. 

J.  R.  McColl:  I  understand  that  the  vitiated  air  is  carried  from 
the  rooms  out  through  the  roof,  without  going  into  the  attic  at  all. 

In  Detroit,  the  general  policy  is  to  have  the  air  pass  through  the 
attic  and  out  through  the  ventilators,  and  by  this  means,  a  saving  in 
fuel  is  obtained.  In  order  to  work  this  out,  the  school  board  has  to 
carry  its  own  insurance.  In  this  connection,  I  would  like  to  ask, 
does  the  Philadelphia  Board  of  Education  carry  its  own  insurance ; 
or  what  makes  it  necessary  to  take  the  air  out  this  way. 

The  President:  Dc  you  mean  that  the  insurance  requirements 
make  it  necessary  to  carry  the  flue  from  each  room  right  to  the  top? 

J.  R.  McCoLL :  Either  separate,  or  together,  but  not  to  let  the  air 
distribute  itself  in  the  attic. 

D.  S.  BoYDEN :  Mr.  Cassell  mentions  in  the  paper  about  making 
electricity,  and  I  understand  gas  is  furnished  free.  What  are  the 
limitations  of  the  free  use  of  gas  ? 

A.  K.  Ohmes  :  I  should  like  to  ask  Mr.  Cassell  how  the  schools 
are  operated ;  are  there  day  and  night  sessions ;  are  the  fires  banked 
or  operated  all  the  time;  what  is  the  approximate  amount  of  coal 
necessary  per  kilowatt  hour?  Also,  how  is  the  building  taken  care 
of  on  holidays,  and  from  Friday  afternoon  to  Monday,  and  the 
vacation  from  Christmas  until  New  Year's  ? 

Evidently  it  is  allowable  to  carry  30  lb.  steam  pressure  on  cast 
iron,  there.  It  is  not  here  in  New  York.  Is  a  licensed  engineer 
necessary? 

The  cost  of  ventilation  is  stated  at  $5,957.00,  whereas  the  heating 
and  boilers,  including  refrigeration  is  given  as  $98,000.  Was  there 
a  mistake  there,  too? 

F.  K.  Davis  :  Were  there  any  experiments  in  recirculating  the 
air?     ■ 

The  Author  :  In  answer  to  some  of  Mr.  McCann's  questions  that 
he  has  presented  in  writing : 

First,  "state  the  hours  of  occupancy  during  the  heating  seasons,  for 
the  high  school  buildings."    That  is  hard  to  answer,  for  this  reason : 
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Some  of  the  high  school  buildings  are  used  only  six  hours  each 
school  day,  and  others  are  used  an  additional  100  nights  of  the  year. 
One  building  will  have  hours  from  6  to  9.30  P.  M.,  and  in  the  other 
buildings,  from  7.30  to  9.30  P.  M.  The  difference  is  that  one  build- 
ing is  close  to  the  center  of  the  city.  The  girls  leave  their  work  in 
the  stores  and  factories,  and  in  order  to  take  them  off  the  streets, 
they  are  served  a  lunch  in  the  school,  and  given  the  liberty  of  using 
the  library,  the  corridors  and  the  gymnasium,  and  of  course,  we 
keep  an  engineer  and  janitors  there  to  look  after  them.  So  I  cannot 
answer  that  question  exactly,  in  hours. 

Second,  "what  temperature  is  maintained  in  the  schools  during 
the  hours  of  non-occupancy"?  There  is  no  stated  temperature.  Our 
janitors  and  engineers  are  so  drilled  that  they  are  responsible  per- 
sonally and  financially  if  anything  freezes  up.  That  may  seem  a  hard- 
ship, but  it  was  occasioned  in  this  way. 

Several  years  ago,  during  an  extra  cold  spell,  we  had  thousands 
of  dollars  worth  of  freeze-ups.  Some  schools  had  no  trouble,  and 
others  a  great  deal.  Now,,  we  could  not  pay  a  premium  to  the  man 
who  kept  his  apparatus  from  freezing,  so  the  only  way  to  handle  it 
was  to  put  a  penalty  on  the  man  who  allowed  it  to  happen.  We 
assembled  the  men,  and  told  them  they  had  the  privilege  of  staying 
and  paying  for  the  losses,  or  being  discharged  and  not  paying.  As  a 
result,  we  have  not  had  $50.00  forth  of  freeze-ups  from  that  day  to 
this. 

Third,  heat  is  not  shut  off  the  building  altogether.  Fires  in  the 
boilers  must  be  kept  up  over  Saturday  and  Sunday.  A  great  deal  of 
cleaning  is  done  on  Saturday  and  the  buildings  must  be  warmed. 

Fourth,  in  banking  the  fires,  both  methods  are  used.  Some  years 
ago,  I  insisted  on  the  fire  being  pushed  back,  but  of  course  it  was 
impossible  to  be  personally  sure  that  330  men  did  this.  We  had  a 
good  deal  of  trouble  with  grate  bars  burning  out  in  one  building.  I 
accused  the  men  of  allowing  the  ashes  to  accumulate,  but  in  my  visits 
to  the  plant  found  everything  clean.  It  was  the  only  building  in 
Philadelphia  where  stove  coal  was  used  in  firing  boilers.  They  were 
in  the  habit  of  cleaning  fires  shortly  before  banking  them,  and  then 
closing  the  ash  pit  doors,  which  caused  the  grates  to  overheat  and 
warp.  By  pushing  the  fires  back  to  bank  them,  all  further  trouble 
was  avoided. 

Fifth,  "what  are  the  hours  of  duty"  ?  The  hours  of  duty  are  put  to 
the  men  in  this  way :  "You  have  taken  a  position  as  engineer,  or 
custodian.    You  have  this  apparatus  in  your  charge ;  it  will  heat  the 
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building  if  given  the  i)roj)er  attention.  The  proper  attention  means 
that  you  are  required  to  get  to  the  building  early  enough  on  a  cold 
morning  to  have  the  rooms  heated  to  70  deg.  at  8.30  A.  M.  If  you 
cannot  do  this,  make  your  complaint  to  us." 

We  do  not  have  any  complaints  except  on  cold  Monday  mornings, 
when  the  men  sometimes  forget  that  there  has  not  been  much  heat 
on  the  building  for  over  48  hours  and  that  the  cold  walls  are  absorb- 
ing all  the  apparatus  will  make  for  the  first  several  hours  and  that 
they  should  have  had  fires  started  earlier. 

Sixth,  "how  many  pounds  of  coal  are  used  per  cu.  ft.  of  space,  per 
year"?  That  is  a  hard  question  for  me  to  answer.  I  can  answer 
•  about  one  particular  case  where  we  have  furnished  150  tons  of  pea 
coal,  year  after  year,  to  a  21  division  building  with  large  corridors, 
with  a  total  of  300,000  cu.  ft.  of  space.  I  would  not  like  to  state  this 
as  the  per-cubic-foot  amount  burned  usually.  This  building  has 
about  18  or  20  per  cent  glass  surface,  as  compared  with  the  floor 
space,  and  it  is  built  of  brick  with  two  9  in.  walls  with  2  in.  air  space 
between.  We  now  build  with  hollow  brick  and  metal  lath,  plas- 
tered inside,  and  with  more  spacious  heat  flues.  We  deliver  30  cu.  ft. 
of  air  per  occupant.  In  the  high  schools  we  are  burning  about  4  lb. 
of  coal  per  cubic  foot,  but  that  is  with  100  nights  of  school  in  addi- 
tion to  the  day  school.  Conditions  are  such  that  the  pupils  probably 
do  not  get  out  of  the  building  until  after  nine  o'clock,  and  the  build- 
ings are  heated  from  6.00  A.  M.  to  10.00  P.  M. 

I  am  following  up  the  cause  of  the  difference  of  50  tons  of  coal 
used  in  two  buildings,  of  like  size  and  architecture.  A  difi"erence 
of  50  tons,  or  even  25  tons,  is  too  much. 

In  reference  to  Mr.  McColl's  question,  will  say  that  is  a  good 
thought.  That  is  something  that  makes  it  worth  while  to  come  and 
present  this  paper.  I  have  thought  of  the  thing  myself,  but  was 
never  courageous  enough  to  place  it  in  action.  There  is  a  loss  in 
the  attic,  and  also  a  gain  by  allowing  the  air  to  circulate  through 
the  attic  of  a  fireproof  building.  Nothing  can  be  set  afire,  and  I  feel 
the  ventilation  would  be  just  as  efiicient.  We  would  probably  cut 
down  the  necessary  heating  surface  for  the  third  floor,  if  the  attic 
were  warm. 

Gas  is  free  only  for  the  purposes  of  illumination.  We  pay  for  gas 
used  for  cooking,  or  any  other  purpose. 

We  recently  gave  to  the  electric  company  the  information  that 
we  were  making  electricity  so  cheaply  in  connection  with  the  use  of 
exhaust  steam  for  heating,  that  it  would  not  pay  us  to  purchase  cur- 
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rent  from  them,  but  that  we  would  put  in  no  more  isolated  plants  if 
they  would  furnish  us  electricity  at  Ic  per  kilowatt  hour.  We  figure 
that  we  are  making  electricity  in  connection  with  heating  for  about 
0.8c  per  kilowatt  hour. 

In  all  the  buildings  where  steam  is  used  at  30  lb.,  licensed 
engineers  are  required.  Long  before  licensed  men  were  demanded, 
before  the  license  law  was  in  vogue,  we  had  our  own  law.  I  have 
used  cast  iron  boilers  for  twenty-five  years,  at  30  lb.  pressure,  and 
I  have  never  had  a  building  closed  on  account  of  the  boiler  giving  out. 
So  far  as  noise  under  that  pressure  is  concerned,  there  is  a  slight 
hissing  sound  but  no  cracking.  I  do  not  think,  if  the  piping  is  well 
installed,  that  the  pressure  has  anything  to  do  with  the  noise,  except 
when  the  thermostats  are  opening  the  valves. 

Three  years  ago  the  state  legislature,  through  influence  brought 
to  bear  by  the  building  trades,  passed  a  law  that  the  construction  of 
all  public  buildings  was  to  be  let  in  five  separate  contracts :  the 
building  proper,  heating,  plumbing,  ventilation  and  electrical  work. 
Our  ventilation  is  comprised  of  vent  flues  in  the  attic,  ventilator 
hoods  or  weather  tops,  and  in  some  cases  a  few  registers,  and  re- 
quired connecting  sheet  iron  work  between  these.  That  is  what 
makes  this  low  cost.    The  mistake  did  not  apply  to  this. 

We  have  not  taken  up  the  question  of  the  recirculation  of  air.  I 
have  had  it  in  view,  but  have  not  been  able  to  persuade  our  architects 
to  design  the  buildings  to  make  this  practical. 

F.  K.  Davis  :  I  should  like  to  know,  for  the  sake  of  comparison, 
the  year  in  which  the  building  was  put  up. 

The  Author  :    It  was  built  in  1913. 


I 
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HEATING  AND  VENTILATING  A  PORTABLE 
SCHOOL  HOUSE 

By  J.  R.  McCoLL,  Detroit,  Mich. 
Member 

IN  recent  years,  the  portable  school  has  come  into  existence 
in  answer  to  several  different  demands.  In  newly  populated 
districts,  where  there  is  not  time  to  wait  for  a  school  to  be 
built,  the  children  can  very  quickly  be  housed  in  a  portable 
building,  just  as  a  man  in  a  hurry  might  buy  a  ready-made  suit 
to  wear  'till  his  tailor  could  supply  him.  More  commonly,  how- 
ever, the  portable  school  is  used  as  an  overflow  building  to  relieve 
the  congestion  in  overcrowded  schools,  until  the  situation  can 
be  taken  care  of  by  a  permanent  structure.  Theoretically,  a 
portable  school  is  never  intended  to  be  permanent.  Its  virtue 
is  supposed  to  lie  rather  in  its  being  so  constructed  that  it  can 
be  easily  dissembled,  transported  and  assembled  again  by  seg- 
ments. 

As  far  as  my  investigation  goes,  I  have  not  yet  discovered  that 
School  Boards  are  buying  portable  schools  with  the  intention 
of  making  them  permanent  in  any  one  locality.  I  must  say, 
however,  that  in  the  majority  of  cases,  I  have  found  that  portable 
schools  once  installed,  seem  to  remain  almost  indefinitely  where 
first  located.  This  may  be  partly  due  to  the  difficulty  with  which 
the  best  of  them  can  be  taken  down,  transported  and  erected 
again,  and  partly  to  the  fact  that  when  these  schools  are  installed, 
and  the  congested  condition  they  were  meant  to  remedy  is 
relieved,  or  the  immediate  demands  of  the  newly  developed- dis- 
trict are  satisfied,  the  permanent  addition  or  school  house  is  quite 
naturally  and  humanly  forgotten.     In  one  or  two  cases,  I  have 
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found  portable  schools  grouped  and  used  in  one  locality  for  years, 
where  a  permanent  building  should  have  beeen  erected. 

The  matter  of  hygienic  conditions  is  just  as  important,  whether 
the  building  is  used  in  one  locality  a  few  months  only,  or  for 
many  years.  Most  of  these  portable  schools  are  in  continuous 
use  in  one  locality  or  another,  and  hence,  in  a  way,  become  per- 


FIG  2.     VIEW  OF  FURNACE  IN  THE  HALL  SHOWING  SUPPLY   DUCTS 
TO  ROOMS  AND  VENT  DUCTS. 

manent  school  buildings.  It  should  not  be  a  misfortune  for  any  child 
to  be  compelled  to  get  some  of  its  education  in  one  of  these  build- 
ings. The  instruction,  the  lighting,  the  space,  the  seating,  the 
sanitation  and  ventilation,  should  be  of  the  same  quality  her-e  as 
is  found  to-day  in  the  better  schools  which  are  following  recog- 
nized standards.  Though  much  may  be  said  regarding  the  other 
points  mentioned,  this  paper  will  be  confined  entirely  to  the 
matter  of  heating  and  ventilating  these  portable  schools. 
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A  few  years  ago,  alter  the  Board  of  Education  of  Detroit, 
Michigan,  had  purchased  and  installed  several  portable  school 
buildings,  of  a  presumably  modern  type,  it  became  evident  that 
the  hygienic  conditions  were  not  what  the  teachers  and  pupils 
were  entitled  to.  The  author  was  instructed  to  proceed  with 
tests  in  this  city,  and  other  cities,  in  order  to  arrive  at  conclusions 
as  to  what  could  be  expected  from  the  best  schools  of  this  type 
in  the  way  of  sanitation  with  the  equipment  furnished  by  the 
manufacturers,  and  to  determine  what  remedies,  if  any,  would 
be  necessary  to  improve  the  conditions.  The  surprising  thing  to 
me  in  many  instances  was  that  under  some  windy  conditions, 
the  ventilation  in  some  portable  schools  was  negative,  and  under 
calm  conditions,  practically  nothing.  I  had  been  told  that  the 
representative  selling  these  schools  had  pictured  a  most  marvel- 
ous system  of  ventilation  in  making  the  sales. 

The  purpose  of  this  paper  is  to  present  an  outline  of  the  heating 
and  ventilating  equipment  subsequently  installed  in  some  of  the 
Detroit  portable  schools,  in  order  to  bring  these  schools  up  to  a 
sanitary  condition  that  would  compare  favorably  with  the  well 
ventilated  modern  schools  of  permanent  character. 

All  of  the  portable  schools  purchased  by  the  Detroit  Board  of 
Education,  were  two-room  buildings,  each  room  approximately 
24  by  30  ft.  in  size,  with  a  corridor  8^  ft.  wide  between  the  two 
rooms.  This  corridor  has  outside  entrances  on  both  sides  of  the 
building,  and  each  room  has  two  doors  opening  into  the  corridor. 

Forced  ventilation  is  a  necessity,  if  the  same  hygienic  condi- 
tions are  to  be  maintained  in  all  kinds  of  weather  conditions. 
All  tests  made  with  gravity  systems  demonstrated  not  only  their 
inadequacy  under  favorable  conditions,  but  their  absolute  failure 
under  adverse  conditions.  It  was  decided  worth  while,  therefore, 
to  install  forced  ventilation  for  these  portable  schools,  but  this 
was  simplified  to  the  highest  degree,  and  only  involved  for  such 
forced  circulation,  an  electric  circuit  with  motor  direct  connected 
to  a  fan  of  the  disc  or  propeller  type. 

Fig.  1  shows  the  general  arrangement  of  furnace,  fan  and  duct 
work.  A  single  furnace  takes  care  of  both  rooms  of  one  portable 
school.  This  furnace  is  placed  in  the  hall  as  shown  by  all  the 
illustrations  (Figs.  1  to  3).  The  furnace  placed  in  this  way  sim- 
plifies the  matter  of  attention  and  enables  the  janitor  to  take  care 
of  the  firing  without  disturbing  classes. 

As  Fig.  1  shows,  the  fresh  air  supply  is  drawn  in  through  a 
20  by  30  in.  screen  placed  just  under  the  eaves  at  one  side  of  an 
entrance.    The  intake  duct  from  this  screen  is  carried  along  the 
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upper  part  of  the  hall,  until  it  clears  a  doorway  of  one  of  the 
rooms,  then  it  is  carried  down  to  the  fan  and  motor  chamber. 
Fresh  air  from  this  chamber  is  discharged  by  the  fan  into  the  lower 
chamber  of  the  furnace  from  which  it  passes  partly  over  the  heating 
surfaces  of  the  furnace,  and  partly  through  a  by-pass  duct  to  the 
mixing  damper  chamber,  from  which  it  is  delivered,  mixed  to  the 
right  temperature,  to  the  room.  A  similar  arrangement  of  ducts 
and  mixing  chamber  is  provided  for  the  other  room. 


FIG.  3.     VIEW  OF  DUCT  WORK  IN  HALL.  SHOWING  RECIRCULATING  DOORS 
IN  MOTOR  CHAMBER. 

The  appropriation  did  not  permit  of  automatic  control  of  these 
mixing  dampers,  and  it  is  left  to  the  teacher  to  adjust  them,  by 
means  of  a  handle  placed  in  her  room,  for  the  temperature  she 
desires.  With  the  janitor  maintaining  fairly  uniform  fires,  the 
teacher  does  not  need  to  give  very  much  attention  to  the  mixing 
dampers  for  any  one  day,  unless  the  weather  is  undergoing 
marked  changes. 

The  supply  ducts  to  the  rooms  and  the  vent  ducts  from  the 
rooms  can  possibly  be  more  clearly  seen  on  Figs.  2  and  3  than 
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on  Fig.  1.  The  actual  installation  as  shown  by  the  former  is 
slightly  different  from  that  contemplated  by  the  drawing.  It 
will  be  seen  that  the  fresh  air  is  delivered  into  the  class  room 
from  the  corridor  approximately  7  ft.  above  the  floor.  The 
vitiated  air  finds  its  way  out  of  the  class  room  through  a  screen 
near  the  floor  at  the  same  end  of  the  room.  The  vent  duct  for 
each  room  is  carried  up  in  the  corner  of  the  hall,  and  is  connected 
overhead  to  a  large  vertical  pipe  leading  through  the  roof  and 
equipped  with  a  roof  ventilator.  The  smoke  pipe  from  the  fur- 
nace is  connected  into  the  same  large  vertical  pipe,  and  is  carried 
up  some  little  distance  beyond  the  vent  duct  connections. 

The  furnaces  installed  were  furnished  by  one  of  the  prominent 
Detroit  manufacturers,  who  made  them  more  or  less  special  for 
the  work  in  question,  especially  as  regards  the  ease  of  taking 
down  for  the  purpose  of  transporting  and  erecting  again  in  case 
the  school  is  moved.  These  furnaces  are  intended  to  burn  coal 
of  the  Pocahontas  quality,  and  each  is  amply  large  to  heat  2,000 
cu.  ft.  of  air  per  minute  from  zero  to  such  degree  of  heat  as  is 
necessary  to  maintain  a  temperature  of  70  deg.  in  the  class  rooms 
during  windy  zero  weather. 

The  fan  unit  consists  of  a  single-phase  motor,  direct-connected 
to  a  propeller  type  fan,  having  a  capacity  of  2,000  cu.  ft.  of  air 
per  minute  with  a  tip  speed  under  4,200  ft.  per  min.  The  first 
one  or  two  fan  outfits  installed  were  placed  in  the  intake  duct 
below  the  floor  line,  but  some  trouble  was  experienced  with 
surface  water,  and  the  later  design  has  placed  these  outfits  on  a 
brick  or  concrete  foundation  above  the  floor  line,  as  seen  in  Fig.  3. 
This  foundation  and  the  brick  or  concrete  foundation  for  the 
furnace,  of  course,  are  not  portable,  but  experience  showed  it 
worth  while  to  put  these  foundations  in,  even  though  they  will 
have  to  be  discarded,  if  the  building  with  ventilating  equipment 
is  moved. 

Fig.  3  shows  the  re-circulating  doors  in  the  motor  chamber, 
which  enables  the  janitor,  when  heating  up  in  the  morning,  to 
open  the  class  room  doors  and  re-circulate  the  air. 
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DISCUSSION 

J.  D.  Cassell:  I  think  there  are  some  very  excellent  points 
brought  out  in  this  paper,  particularly  on  the  subject  of  portable 
school  houses,  which  does  not  receive  much  attention.  We  have 
recently  erected  ten  portable  school  houses  to  take  care  of  over- 
crowded conditions,  but  we  did  not  go  far  in  the  matter  of  heating 
and  ventilating.  We  take  our  air  from  near  grade,  and  think  it  much 
better  to  take  it  at  the  9  ft.  level  mentioned  in  this  paper.  We  all 
know  that  in  gravity  heating  there  is  no  uniformity  of  results,  while 
in  the  application  of  the  fan  to  this  work  we  should  get  equally 
good  results.  I  think  the  whole  plan  as  outlined  is  worthy  of  emu- 
lation on  the  part  of  any  one  who  has  this  character  of  work  to 
perform. 

The  President:  Has  any  attempt  been  made  with  this  type,  for 
humidification  ? 

The  Author  :  At  the  time  these  tests  were  made  and  the  school 
equipped,  some  three  or  four  years  ago,  the  furnace  manufacturers 
had  not  provided  any  humidification  appliances  for  furnaces.  Since 
that  time,  water  tanks  have  been  installed  over  the  furnaces  proper 
that  give  promise  of  good  results.  That  is  one  reason  why  we  did 
not  put  in  anything  for  humidification. 

Another  reason  is  that  most  of  the  schools  are  removed  from  the 
main  school  building,  and  there  would  be  some  difficulty  in  carrying 
a  water  line  from  the  building  and  keeping  a  float  apparatus  in  opera- 
tion, and  it  was  not  deemed  advisable  to  depend  upon  the  janitor. 
However,  the  question  of  humidification  is  an  important  one. 

L.  C.  Soule:    What  is  the  size  of  the  motor  for  that  fan? 

The  Author  :    About  one-quarter  horse-power. 

Frank  K.  Chew  :  Is  that  fan  run  continuously  while  school  is  in 
session  ? 

The  Author  :  Yes.  The  first  motor  was  noisy,  but  we  have  been 
able  to  get  Wagner  motors  of  a  new  type  which  on  brick  foundations, 
are  practically  noiseless.  There  is  a  slight  humming  sound,  but 
nothing  objectionable.  The  later  schools  are  practically  free  from 
noise. 
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REMODELING  THE  VENTILATION  OF  A 
THEATRE 

By  Samuel  R.  Lewis,  Chicago,  III. 
Member 

THE  purpose  of  this  paper  is  to  describe  some  experiences  with 
the  heating  and  ventilating  of  a  very  large  theatre.     The 
original  plant  was  not  satisfactory.    It  was  changed  at  slight 
expense  into  a  very  satisfactory  system  by  performing  a  compara- 
tively small  amount  of  labor. 

The  theatre  is  used  mainly  for  concert  purposes,  being  the  home 
of  an  endowed  orchestra.  It  has  been  built  for  some  years  but  the 
conditions  as  to  overheating,  local  cold  draughts  and  unsatisfactory 
ventilation  were  so  aggravating  that  a  serious  loss  in  patronage  had 
been  encountered. 

The  plant  as  originally  installed  was  arranged  for  downward  ven- 
tilation. The  fresh  air,  taken  from  a  point  about  20  ft.  above  the 
ground,  was  warmed  to  prevent  freezing,  drawn  through  an  air 
washer  and  tempering  heaters  to  the  fan,  and  then  under  pressure 
was  delivered  through  an  underground  masonry  tunnel,  as  shown  in 
Fig.  1,  to  reheaters  placed  approximately  under  the  center  of  the 
auditorium.  These  reheaters  were  placed  in  connection  with  plenum 
chambers  in  such  a  way  that  single  metal  ducts  provided  with  auto- 
matic double  mixing  dampers,  radiated  from  them,  leading  to  the 
various  flues  placed  around  the  walls.  The  mixing  dampers  in 
these  ducts  were  controlled  by  thermostats  placed  in  the  auditorium. 
The  air  was  to  be  removed  through  approximately  800  5  in.  floor 
tubes  through  the  first  floor,  which  connected  into  chambers  formed 
by  the  concrete  first  floor  as  a  ceiling,  the  circumferential  floor 
beams  as  sides  and  the  galvanized  steel  bottom.  These  chambers, 
at  each  side  of  the  l)ascmcnt.  connected  with  metal  ducts  to  two 
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large  vent  flues,  one  at  each  end  of  the  stage,  running  from  the 
basement  to  the  exhaust  fan  chamber  in  the  attic.  The  illustration, 
Fig.  1,  which  is  a  center  line  section,  shows  the  location  of  the 
inlets  and  outlets  as  follows : 

Flues  A:  One  of  these  is  placed  at  each  side  of  the  stage,  runs 
to  the  attic  and  across  the  attic  to  the  rear  of  the  house.  Each 
has  openings  as  follows :  at  A,  10  ft.  above  the  lowest  point 
of  the  first  floor;  at  A-1,  opposite  the  balcony,  and  at  A-3 
where  each  duct  supplies  two  openings  discharging  diagonally 
through  the  ceiling  over  the  gallery. 

Flues  B  :  Two  on  each  side  under  the  balcony  discharging  toward 
the  center  of  the  house. 

Flues  C :  One  on  each  side  under  the  balcony  discharging  toward 
the  stage. 

Flues  D :  Two  on  each  side  underneath  the  gallery,  discharging 
toward  the  center  of  the  house. 

Flues  E :  One  on  each  side  under  the  gallery  discharging  toward 
the  stage. 

It  will  be  seen  that  the  air  delivered  through  E  strikes  the  beam 
and  is  deflected  toward  the  floor.  There  were  six  large  grilles 
around  the  chandeliers  in  the  ceiling.  These  were  connected  with 
metal  ducts  to  the  exhaust  fan  and  had  a  cross  connection  to  the 
two  ducts  A  so  that  the  ceiling  openings  could  be  used  for  either 
supply  or  exhaust  air. 

The  exhaust  fan  discharged  into  a  masonry  flue  provided  with 
a  pneumatically  operated  damper  which  was  intended  to  prevent 
the  escape  of  heated  air  when  the  auditorium  was  unoccupied. 

The  very  tortuous  duct  systems  in  the  basement  and  attic,  com- 
prising both  fresh  and  foul  air  conveyors  presented  a  very  com- 
plicated appearance,  and  caused  a  very  heavy  frictional  resistance. 
Very  little  heating  effect  was  apparent  when  operating  the  plant 
without  running  the   fans. 

HEATING 

The  lobbies  had  entrances  and  stairways  for  the  first  floor  and 
balcony  separate  from  those  for  the  gallery.  They  were  supposed 
to  be  heated  by  direct  radiation.  The  foyer  had  no  provision  for 
any  heat  at  all,  although  there  was  considerable  exposed  wall  sur- 
face.    The  auditorium  was  provided  with  adequate  tempering,  re- 
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tempering  and  heating  radiation,  the  latter  being  in  six  units  adja- 
cent to  the  plenum  chambers.  These  heaters  were  encased  in  steel 
without  any  insulation  and  were  hand  controlled  by  valves  on  the 
steam  and  return  connections. 

CONDITION    AT    TIME    OF    INSPECTION 

Some  time  after  the  plant  was  completed  the  following  changes 
were  made :  The  basement  ducts  leading  to  flues  E  were  cut  oflf 
from  these  flues  and  connected  so  as  to  deliver  fresh  air  into  the 
former  foul  air  chamber  M  between  the  rear-most  circumferential 
beam  and  the  rear  wall  of  the  first  floor.  This  chamber  was  closed 
off  from  its  former  connection  with  the  foul  air  collecting  ducts  at 
the  side  walls.  The  flues  E,  however,  were  connected  with  these 
foul  air  ducts.  Thus,  the  seats  in  the  rear  panel  across  the  house 
on  the  first  floor  were  supplied  with  air  by  upward  action  through 
the  floor  openings,  and  the  air  at  the  rear  of  the  balcony  was  ex- 
hausted at  the  ceiling  line.  Since  the  exhaust  fan  was  directly  over 
the  proscenium  arch,  very  objectionable  noise  and  vibration  was 
observed  throughout  the  building  when  it  was  operated  at  anywhere 
near  its  proper  speed.  When  running  the  supply  fan  without  oper- 
ating the  exhaust  fan  it  is  obvious  that  the  very  long  and  crooked 
foul  air  and  fresh  air  ducts  would  cause  so  much  resistance  as  to 
result  in  the  delivery  of  a  woefully  deficient  volume.  Since  the 
fans  were  depended  upon  for  both  supply  and  exhaust,  their  speed 
must  necessarily  be  kept  in  proper  relation  with  each  other.  Thus 
it  was  discovered  that  the  slow  speed  on  the  exhaust  fan,  and  full 
speed  on  the  supply  fan,  caused  very  complex  and  irritating  draughts 
in  many  parts  of  the  auditorium.  The  custom,  based  on  experience, 
was  to  operate  both  fans  at  less  than  one-half  speed,  resulting  in  a 
volume  of  air  being  put  through  so  reduced  in  quantity  as  to  be 
incapable  of  carrying  off  the  surplus  heat  from  the  occupants. 

TEMPERATURE    REGULATION 

The  temperature  of  the  tempered  air  used  for  cooling  was  regu- 
lated by  by-pass  dampers  under  the  tempering  and  re-tempering 
heaters  controlled  by  duct  thermostats : 

W — Two  thermostats,  one  on  each  side  near  the  stage,  controlled 
the  air  going  to  flues  A,  most  of  which,  it  will  be  noted,  was 
delivered  through  the  openings  A-2. 

X — Two  thermostats,  one  on  each  side  at  the  rear  of  the  first  floor, 
controlled  the  air  going  through  flues  B  and  C  (six  dampers). 
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Y — Two  thermostats,  one  on  each  side  in  the  balcony,  controlled 
the  temperature  of  the  air  going  to  flues  D.  They  also  con- 
trolled the  dampers  in  ducts  E,  which,  however,  owing  to  the 
change  mentioned  before  whereby  risers  E  became  vent  flues, 
and  no  longer  discharged  into  the  balcony  but  to  the  floor  inlets 
under  the  seats  at  the  first  floor  rear  (space  M). 

There  were  no  thermostats  in  the  gallery,  but  this  highest  and 
probably  warmest  part  received  air  influenced  by  the  thermostats 
W  in  the  lowest  and  probably  coolest  part  of  the  room  down  on 
the  first  floor. 

It  should  also  be  noticed  that  the  thermostats  Y  in  the  balcony, 
a  cooler  place,  were  controlling  the  air  delivered  to  the  first  floor 
rear,  a  warmer  place,  where  dift'erent  requirements  would  be 
expected. 

TESTS 

Early  in  December,  some  preliminary  observations  were  made 
while  the  plant  was  operating  in  the  customary  manner  by  the 
regular  force  of  employees.  It  had  been  so  operated  for  three  and 
a  half  hours  prior  to  the  observations.  The  following  temperatures 
were  observed  : 

LOCATION  temperatures,    DEGREES    FAHR. 

Outside    41 

Main    lobby    63 

First    foyer     59 

X— first   floor    69 

W— first    floor    64 

Y — balcony  66 

Rear  wall  at  center  of  balcony 69 

Z — gallery     66 


As  a  rule  it  war  found  that  the  north  side  was  one  degree  cooler  than 
the  south  side.  The  temperatures  mentioned  are  tliose  on  the  north,  as  the 
inlets,  thermometers  and  building  are  symmetrical. 

Openings  A  had  been  closed  to  reduce  draughts. 

Openings  B  toward  the  rear  (2  of  them)  one  on  each  side,  had  been  closed. 

Openings  E  were  supposed  to  be  vents,  but  showed  no  air  movement. 

Openings  A-2  in  the  gallery  were  being  operated  as  outlets. 

The  exhaust  fan  was  running  126  r.p.m.;  the  supply  fan  was  running  at 
78  r.p.m. 

It  is  evident  that  insufficient  area  was  provided  for  fresh  air  inlets, 
and  that  the  system  must  have  been  more  an  upward  than  a  down- 
ward one. 
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Very  objectionable  draughts  were  felt  as  follows : 

First  Floor :  Coming  down  all  aisles  from  the  doors  into  the 
foyer.  Caused  by  cold  air  from  the  foyer  falling  down  the 
stairs  from  the  balcony  and  spilling  out  into  the  first  floor. 
Note  foyer  temperature  but  59  deg.  after  SVz  hours  operation- 
at  41  deg.  outside.  Perceptible  down  draught  from  rearward 
all  around  front  part  of  orchestra. 

Balcony :  Draught  out  into  foyer  from  center  entrance  evidently 
to  supply  the  air  spilled  out  on  first  floor;  cold  draught  in 
from  upper  entrances,  following  down  aisles;  (the  upper  bal- 
cony entrances  are  to  a  cul-de-sac  and  cannot  circulate  in  the 
manner  characteristic  of  those  elsewhere).  Cold  draught  from 
rear  and  northward  across  the  boxes,  which  follow  the  curve 
at  the  lowest  point  of  the  balcony ;  noticeable  upward  current 
across  face  of  balcony  edge  from  below ;  strong  draughts  from 
inlets  D  and  from  A-1  observed  within  their  range. 

Gallery:  Strong  cold  draught  in  through  center  entrances  from 
cold  lobby  (59  deg.),  strong  draught  out  through  rear  and 
highest  entrances  to  cold  lobby ;  strong  draughts  from  A-1. 

An  analysis  of  these  draughts  indicates : 

1.  A  strong  current  out  at  upper  communications  with  the  foyers, 

and  in  at  lower  communications  with  the  same. 

2.  Poor  diffusion  of  air,  especially  from  A,  A-1  and  A-2. 

3.  Insufficient  heating  of  the  lobbies  and  foyer. 

4.  Insufficient  air  supply  to  give  good  ventilation. 

5.  Insufficient  exhaust  to  remove  surplus  heat. 

6.  Undue  loss  of  heat  into  the  basement  from  the  ducts,  which 

run  through  there.  (The  air  to  support  the  draught  of  the 
boilers  was  found  to  be  obtained  to  a  considerable  extent  by 
pulling  heated  air  from  the  auditorium  basement  through  a 
communicating  passage.) 

Inlets  A  were  opened  and  by  experiment  found  to  be  unavailable. 
Inlets  B  at  first  closed,  were  also  found  impracticable,  because  of 
draughts. 

There  was  a  very  objectionable  draught  from  above  the  switch- 
board on  the  stage,  although  the  air  inlet  there  was  found  to  be 
closed.  The  chilling  effect  on  the  supply  flues  which  ran  a  con- 
siderable distance  along  a  cold  outside  wall  was  noticed. 
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CHANGES 

An  analysis  of  the  foregoing  conditions  made  it  evident  that  a 
radical  revision  in  the  entire  system  was  necessary.  Accordingly 
it  was  decided  to  make  quick  adjustments  which  would  bring  about 
the  following  changes,  as  follows : 

a.  Abandon  the  exhaust  fan,  using  upward  ventilation,  induced 
by  the  pressure  of  the  supply  fan  (since  the  exhaust  fan  noise  and 
vibration  could  not  easily  be  overcome). 

b.  Use  the  basement  as  an  air  supply  chamber,  thus  heating  it 
so  as  to  be  sure  of  a  warm  first  floor. 

c.  Abandon  inlets  B,  C  and  E.  Accordingly  a  number  of  open- 
ings, each  about  3  ft.  square,  well  distributed,  were  cut  through  the 
foul  air  chamber  metal  bottoms,  giving  access  for  fresh  air  to  the 
entire  foul  air  chamber  system,  and  providing  for  excellent  dis- 
tribution of  the  air  volume. 

d.  Ducts  leading  to  flues  B  and  C  were  torn  down,  so  that 
they  opened  into  the  basement,  and  the  old  risers  were  closed  tight. 
The  manhole  doors  into  the  plenum  chambers  were  opened,  to  give 
additional  air  supply  to  the  basement.  A  tight  partition  was  placed 
in  the  opening  which  formerly  communicated  with  the  boiler  room. 
The  two  large  vent  stacks  leading  from  the  basement  to  the  attic 
were  closed  tight.  The  former  gravity  vent  ducts  to  the  foul  air 
outlet  in  the  attic  were  removed,  so  as  to  give  a  greater  free  area 
of  outlet.  The  openings  A-2  in  the  gallery  were  arranged  to 
deliver  tempered  air  (since  no  thermostats  in  the  gallery  were  pro- 
vided). The  six  ceiling  openings  were  arranged  to  vent  freely 
through  the  attic  space  to  the  new  enlarged  foul  air  outlets.  Deflec- 
tors were  placed  on  inlets  A-1.     Inlets  A  were  closed. 

On  the  night  of  December  10th,  the  auditot^ium  was  occupied 
for  a  performance.  The  first  floor  was  90  per  cent,  full,  the  balcony 
was  50  per  cent,  full,  and  the  gallery  was  unoccupied.  The 
supply  fan  was  run  full  speed — 130  r.p.m.  The  tempered  air 
temperature  was  G8  deg.  at  8  P.  M.,  but  by  9  P.  M. 
had  been  reduced  gradually  to  66  deg.  The  temperature 
throughout  the  house,  except  lobbies  and  foyer,  did  not  at  any  time 
vary  more  than  one  degree  from  70  deg.  Repeated  inquiries  of 
persons  in  various  parts  of  the  house  failed  to  bring  to  light  any 
complaints  of  either  temperature  or  draughts.  The  lobbies  and 
foyer  were  cold.  There  was  draught  from  the  rear  down  the  aisles 
from  the  causes  described  above. 

On  the  morning  of  December  11th,  a  test  was  made,  operating 
exactly  as  last  described,  without  any  changes  of  any  kind.  About 
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1,000  candles  were  distributed,  one  on  every  other  seat,  in  order 
to  study  draught  conditions  simulating  occupancy  of  all  the  seats, 
and  in  order  to  observe  temperature  effects.  These  candles  were 
of  the  standard  plumber's  type,  such  as  has  been  taken  by  the  Chi- 
cago Commission  on  Ventilation  as  giving  off  approximately  twice 
as  much  heat  as  that  from  one  person. 

The  plant  was  not  operated  to  full  supply  fan  speed  until  10  :45 
A.  M.  The  test  started  at  11 :00  A.  M.,  when  all  candles  were 
lighted.  The  temperature  outside  was  34  deg.  and  the  tempered 
air  was  6Q  deg.     The  results  were  as  follows : 

LOCATION  TEMPERATURES,    FAHR. 

Time        10.45  11.00  11.15  11.30  11.45 

W    66  70  70  72  70 

X    ". 65  68  71  72  70 

Y   66  68  70  71  71 

Center  rear  of  balcony 68  72  74  76 

Center  front  of  balcony 68  68  71  70 

Sides    of   balcony    at    front....     66  67  69  71  69 

Foyer,  first  floor   60  66 

The  candles  operated  45  minutes.  .  The  heat  from  them  was  very 
evident.  Sufficient  experimenting  was  done  to  demonstrate  that  it 
is  possible  with  all  the  candles  Hghted  (paramount  to  full  occu- 
pancy), to  reduce  temperature  at  will  in  any  part  of  the  house, 
except  in  the  pocket  at  the  rear  of  the  balcony.  Since  no  changes, 
in  the  limited  time  available,  had  been  possible  in  the  automatic 
temperature  regulation  and  the  same  was  badly  involved  as  before 
described,  the  controlling  was  done  by  hand,  to  a  great  extent. 
Twelve  observers  were  distributed  around  the  house,  watching  the 
candle  flames  for  draughts  and  observing  the  thermometers.  No 
, objectionable  draughts  were  observed  anywhere  except  the  ever- 
present  ones  down  the  aisles,  due  to  the  cold  foyer  and  lobbies,  as 
before  noted. 

Special  attention  was  paid  to  the  center  balcony  boxes,  from  which 
many  complaints  had  originated.  The  candles  burned  very  stead- 
ily there  and  no  draughts  or  unpleasant  temperatures  could  be 
found. 

Some  deflection  was  noticed  in  range  of  the  temporary  crude 
diffusers  on  outlets  A-1.  Some  draught,  which  is  inherent,  due  to 
the  large  cold  loft  over  the  stage  and  which  is  present  in  all  thea- 
tres, could  be  seen  affecting  the  candles  at  the  front  of  the  orchestra. 
Since  this  comes  from  the  front  and  is  gentle,  and  since  face  cur- 
rents are  usually  pleasant,  no  complaint  from  that  source  was 
apprehended. 
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The  velocity  through  the  floor  inlets  when  running  the  fan  at 
full  speed  was  in  no  case  found  to  exceed  130  lin.  ft.  per  min.  and 
averaged  not  over  110  ft.  per  min.  Some  adjustment  of  the  volume 
dampers  was  required  to  bring  this  about.  There  was  a  marked 
improvement  in  conditions  behind  the  proscenium  arch.  The 
draught  over  the  switchboard  had  disappeared.  The  temperatures 
were  excellent  except  in  the  pocket  at  the  rear  of  the  balcony.  There 
was  no  outlet  from  this  pocket  and  the  temperature  necessarily 
would  rise  under  these  conditions. 


PERMANENT    CHANGES 

Vejitilation  :  To  ventilate  the  upper  part  of  the  balcony,  a  num- 
ber of  openings  were  cut  through  the  ceiling  near  E  into  the  fire- 
proof space  under  the  gallery.  A  i'Z  in.  propeller  fan  was  con- 
nected with  a  duct  leading  from  this  space.  This  settled  the  mat- 
ter of  the  overheating  of  the  balcony. 

Vertical  blade  diffusers  about  6  in.  wide,  3  in.  on  centers,  were 
placed  on  the  inlets  A-1  to  divert  the  air  out  toward  the  center  of 
the  gallery.  These,  with  an  adjustment  of  the  existing  horizontal 
diffusers,  greatly  improved  conditions  there. 

The  same  type  of  diffuser  was  installed  on  the  inlets  D.  The 
exhaust  fan  and  all  of  the  attic  ducts,  except  those  leading  from 
the  flues  A  and  inlets  A-3,  were  removed. 

Evenly  spaced  openings  were  cut  through  the  steel  bottoms  of 
all  of  the  circumferential  chambers  under  the  first  floor.  These 
openings  were  provided  with  dampers  so  that  the  volume  of  air 
delivered  could  be  easily  adjusted. 

All  of  the  unnecessary  metal  ducts  were  removed  from  the  base- 
ment, including  the  foul  air  collecting  ducts  along  the  side  walls. 

A  separate  fan,  heaters  and  ducts  were  provided  for  the  main 
front  vestibule,  the  fan  being  placed  in  the  room  marked  N  and 
arranged  to  recirculate  the  air.  Thus  a  balanced  pressure  is  main- 
tained in  the  vestibule  and  there  is  no  further  difficulty  due  to 
draughts  from  this  source,  and  it  has  been  found  possible  to  heat 
the  room  properly  even  when  outside  weather  conditions  were  very 
severe. 

Heating :  Sufficient  direct  radiation  was  placed  in  the  lobbies 
and  foyers  properly  to  heat  them.  In  the  formerly  very  cold 
stair  cases  leading  to  the  gallery  a  connection  was  made  from  the 
plenum  chamber  in  the  basement  to  registers  behind  the  radiators 
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SO  that  these  former  direct  radiators  became  indirects,  and  the  heat 
given  off  by  them  was  increased  threefold. 

Temperature  Regulation :  Two  new  thermostats  were  installed 
at  Z  in  the  gallery  controlling  the  temperature  of  the  air  handled 
by  the  flues  A,  and  delivered  through  the  openings  A-1  and  A-2. 

The  thermostats  Y  were  connected  so  as  to  control  the  tempera- 
ture of  the  air  handled  by  the  flues  D. 

The  thermostats  X  were  changed  so  as  to  control  the  temperature 
of  the  air  delivered  into  the  rear  part  of  the  basement  plenum 
chamber. 

The  thermostats  W  were  changed  so  as  to  control  the  tempera- 
ture of  the  air  delivered  into  the  front  part  of  the  basement  plenum 
chamber. 

Two  additional  thermostats  were  placed  at  W  controlling  pro- 
gressively the  steam  supply  to  the  re-heaters  in  the  basement  plenum 
chamber  so  as  to  preclude  the  possibility  of  overheating  the  air 
supply. 

Since  these  changes  have  been  made  further  tests  have  demon- 
strated that  the  heating  and  ventilating  of  this  building  is  as  satis- 
factory as  any  reasonable  person  could  demand.  The  cost  of  heat- 
ing the  building  has  been  very  greatly  reduced.  In  fact,  quite  sat- 
isfactory heating  of  the  room  is  obtained  without  operating  any 
fan  at  all,  due  to  the  peculiar  construction  which  encourages  gravity 
circulation. 
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THE  Semi- Annual  Meeting  of  The  American  Society  of 
Heating  and  Ventilating  Engineers  for  1917,  which  was 
the  forty-fourth  regular  professional  meeting  of  the  Society, 
was  notable  in  that  it  was  a  "Preparedness  Meeting" — a  determined 
attempt  to  render  concrete  assistance  to  the  Government,  under  the 
present  conditions  of  stress.  This  meeting  will  unquestionably  stand 
out  in  the  history  of  the  Society  as  one  of  the  most  important,  as 
well  as  the  most  interesting,  mid-year  meetings  ever  held.  Special 
features  were  introduced  at  the  meeting  which,  while  perhaps  novel 
in  the  field  of  heating  and  ventilating  engineering,  were  most  appro- 
priate at  the  time  and  attracted  the  largest  attendance  ever  experi- 
enced at  a  Semi-Annual  Meeting  of  the  Society.  The  registration 
embraced  122  members  and  117  guests,  a  total  of  239,  which  is 
almost  one-third  in  excess  of  the  attendance  at  any  previous  Semi- 
Annual  Meeting.  The  meeting  was,  in  fact,  a  remarkable  vindica- 
tion of  the  judgment  of  the  President  of  the  United  States  in  advis- 
ing that  there  should  be  no  curtailment  of  conventions  and  profes- 
sional meetings  as  a  result  of  the  war. 

The  meeting  was  held  under  the  auspices  of  Illinois  Chapter  of 
the  Society,  the  oldest  Chapter  organization,  which,  under  the  direc- 
tion of  a  most  active  and  efficient  Entertainment  Committee,  con- 
ducted a  meeting  with  both  professional  and  social  entertainment 
that  will  be  long  remembered  by  the  visitors  to  Chicago.  Most 
delightful  headquarters  was  secured  for  the  meeting  at  the  Hotel  La 
Salle,  where  the  Red  Room  on  the  top  floor  was  placed  at  the  dis- 
posal of  the  meetings.  Some  of  the  social  functions  were  also  con- 
ducted at  the  Hotel  La  Salle,  but  the  principal  events,  the  Wednesday 
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evening  dinner  and  dance  and  the  Thursday  dinner  and  garden 
party,  were  held  at  other  points  where  the  resplendent  opportunities 
of  this  great  City  as  an  entertaining  center,  were  revealed  to  the 
surprise  of  all  visitors.  The  Entertainment  Committee  of  Illinois 
Chapter  consisted  of  Joseph  A.  Cutler,  chairman,  E.  J.  Clafifey  and 
Benj.  Nelson.  The  meeting  was  conducted  under  the  chairmanship 
of  J.  Irvine  Lyle,  President  of  the  Society. 

FIRST  SESSION WEDNESDAY  A.  M.,  JULY  18,  1917 

The  opening  meeting  of  the  Convention  was  called  to  order  at  9  :30 
A.  M.  by  President  Lyle,  who  called  upon  F.  W.  Powers,  President 
of  Illinois  Chapter,  for  remarks. 

F.  W.  Powers  :  It  is  with  a  great  deal  of  pleasure,  that  the  Ill- 
inois Chapter  entertains  the  Society  on  this  occasion,  and  with  an 
appreciation  of  the  spirit  and  loyalty  that  has  prompted  so  generous 
an  attendance  in  a  year  like  this  when  the  conditions  are  very  trying, 
to  say  the  least. 

We  anticipate  that  this  will  be  a  remarkable  and  a  very  important 
meeting,  unique  in  the  annals  of  our  Society,  because  we  have  been 
called  together  practically  at  the  recfuest  of  our  country  which  has 
indicated  a  need  for  our  services  in  this  great  undertaking  in  which 
it  is  engaged. 

We  are  to  be  told  at  this  meeting  how  we  may  "do  our  bit"  and 
we  must  not  lose  the  true  significance  of  that  phrase  which  we  have 
borrowed  from  our  English  Allies  and  which  I  suspect  isn't  always 
given  the  English  appreciation  of  it.  It  doesn't  mean  to  do  a  little 
bit,  but  it  means  to  do  more  nearly  a  man's  all,  even  though  it  is 
but  a  little  bit  of  the  whole. 

And  it  is  by  doing  our  bit  and  by  giving  unreservedly  and  freely 
of  our  resources  and  our  abilities  that  America  is  going  to  be  a 
potent  factor  in  the  winning  of  this  war,  and  when  that  war  is  won, 
America  can  then  take  her  position  among  the  nations  of  the  earth, 
which  have  been  fighting  so  desperately  and  at  such  terrible  cost  for 
the  maintenance  of  the  ideals  of  civilization. 

Illinois  Chapter  extends  to  you  a  greeting  and  a  hearty  welcome, 
and  we  trust  the  deliberations  of  this  body  will  be  crowned  with 
success,  and  very  potent  in  results. 

The  President  :  Henry  G.  Issertell,  officer  of  New  York  Chap- 
ter, will  respond  to  President  Powers'  welcome. 

H.  G.  Issertell  :  I  know  that  I  speak  on  behalf  of  all  our  fellow 
members,  especially  those  from  that  great,  efifete  East,  when  I  say 
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that  we  feel  that  in  coming  to  Chicago  as  guests  of  the  IlHnois  Chap- 
ter we  will  be  well  taken  care  of. 

We  of  the  East  speak  of  Chicago  as  the  West.  It  makes  no  dif- 
ference whether  we  come  East  or  West  to  your  wonderful  city  on 
occasions  of  this  kind  because  we  know  that  it  is  considered  a  center 
of  learning,  art  and  literature ;  and  we  feel  that  we  will  be  benefited 
by  having  come. 

We  are  all  particularly  anxious  that  this  meeting  should  be  a 
specially  notable  one  on  account  of  the  patriotic  aspect  given  it  by 
the  United  States  Government  in  sending  its  representatives  from  the 
Army  and  also  from  the  Agricultural  Department,  and  the  honor  the 
English  Government  has  conferred  upon  us  by  sending  their  repre- 
sentative in  person,  Lieut.-Col.  Powers  of  the  Canadian  Engineers. 

I  wish  to  congratulate  the  Illinois  Chapter  on  the  splendid  attend- 
ance which  they  have  secured  for  this  momentous  session,  and  take 
this  opportunity  of  inviting  you  all  on  behalf  of  the  New  York  Chap- 
ter to  the  Annual  Meeting  to  be  held  in  New  York  City  on  January 
22,  1918. 

The  President  :  Sometime  over  two  months  ago  a  considerable 
talk  prevailed  as  to  the  advisability  of  our  holding  our  Semi-Annual 
Meeting,  many  of  the  members  feeling  that  it  would  be  unpatriotic 
to  assemble  in  the  discussion  of  matters  connected  with  the  Society 
while  the  country  was  at  war,  and  when  they  felt  everyone  should 
be  putting  forth  every  efifort  towards  assisting  the  Government. 

Your  officers  felt  that  the  patriotic  procedure  for  us  to  follow 
was  to  hold  the  Semi-Annual  Meeting,  and  to  devote  the  principal 
part  of  our  time  and  attention  to  matters  of  interest  to  the  public 
and  to  the  Government.  In  order  to  ascertain  the  feelings  of  the 
Government,  your  President  made  a  visit  to  Washington  and  dis- 
cussed the  matter  with  officials  of  various  departments,  and  found 
that  they  seemed  to  be  of  a  unit  in  feeling  that  all  business  organiza- 
tions, and  especially  all  professional  and  technical  societies  should 
continue  their  work  and  to  do  everything  possible  to  increase  the 
industrial  efficiency  of  the  country  as  a  whole. 

When  this  view  of  the  matter  was  placed  before  the  members  of 
the  Society  whose  opinion  had  been  strongest  that  the  meeting 
should  not  be  held,  we  found  that  they  entered  into  the  spirit  with 
the  deepest  and  most  sincere  enthusiasm,  so  that  we  are  now  entering 
upon  a  three  days'  session  of  what  bids  fair  to  be  one  of  the  busiest, 
and  I  hope  one  of  the  most  profitable  meetings  ever  held  by  this 
Society. 

It  has  been  with  pleasure  and  considerable  pride  that  I  have  viewed 
the  various  ways  in  which  the  members  of  our  profession,  in  these 
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troublesome  times,  might,  or  rather  would,  be  of  service,  both  to 
the  Government  and  to  the  country  at  large.  In  fact,  I  have  been 
somewhat  surprised  to  find  so  many  and  varied  services  being  given 
at  this  time  by  heating  and  ventilating  engineers. 

Undoubtedly  one  of  the  most  important  tasks  is  that  being  per- 
formed by  a  Committee  of  this  Society,  appointed  at  the  request  of 
the  Navy  Department,  for  the  purpose  of  studying  the  heating  and 
ventilating  of  battleships  and  submarines,  and  promulgating  recom- 
mendations therefor  to  the  Department.  Your  Council  has  selected 
a  splendid  Committee,  who  are  giving  much  time  and  thought  to  the 
subject,  and  who  will  in  due  time  present  to  the  Navy  Department 
their  recommendations.  No  report  will  be  submitted  to  the  Society 
by  them,  as  the  nature  of  their  work  requires  the  strictest  confidence. 
That  this  Committee  will  perform  their  work  well  is  self-evident  to 
all  who  know  its  membership. 

The  subject  most  discussed  to-day  in  all  circles  is  probably  the 
question  of  food  supply,  and  the  several  papers  appearing  on  our 
program  of  Friday  morning  indicate  the  immense  amount  of  work 
that  has  been  done  in  the  last  few  months  looking  towards  the  dehy- 
dration, drying  and  preservation  of  food  products.  I  shall  not 
attempt  in  any  way  to  discuss  these  very  important  problems,  for 
they  will  be  treated  very  fully  by  the  addresses  and  papers  which 
will  be  presented. 

If  we  were  living  in  ordinary  times,  when  things  were  supposed 
to  be  done  in  a  regular  way,  we  would  be  astonished  and  very  skep- 
tical about  there  being  erected  and  ready  for  occupancy  within  three 
months,  16  complete  cities,  varying  in  population  from  30,000  to 
45,000.  The  figures  connected  with  such  a  vast  undertaking  are  not 
impressive  because  they  are  so  large  that  the  human  mind  fails  to 
grasp  their  significance.  This,  however,  is  an  undertaking  which 
we  believe  will  be  entirely  fulfilled  by  the  authorities  entrusted  with 
the  work  so  that  our  cantonments  will  be  completed  and  occupied 
during  the  early  fall.  The  heating  and  ventilation  of  these  cities 
in  so  short  a  time,  even  if  done  with  stoves,  is  a  task  that  would 
seem  to  be  ordinarily  beyond  the  power  of  any  organization  that 
could  possibly  be  brought  together.  In  deciding  upon  methods  many 
members  of  our  Society  were  called  into  consultation  and,  as  far  as 
I  am  able  to  learn,  these  men  have  donated  their  time  and  knowledge 
to  the  benefit  of  the  Government. 

The  first  in  regular  order  of  business  is  the  annual  reports  of 
the  local  Chapters.    We  will  hear  the  report  of  Illinois  Chapter. 

The  report  of  Illinois  Chapter  was  read  by  A.  E.  Stacey,  Jr.,  as 
it  appears  on  page  365  of  this  Volume. 
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R.  CoLLAMORE :  I  movc  that,  in  connection  with  the  reading  of 
the  annual  reports  of  the  Chapters,  merely  a  brief  outline  or  the 
most  important  items  in  connection  with  the  year's  work,  be  given 
in  order  to  save  time. 

The  motion  was  seconded  and  carried. 

The  President:  We  will  next  hear  from  the  Kansas  City  Chap- 
ter. 

A  synopsis  of  the  report  was  read  by  the  Secretary,  as  published 
on  page  367  of  this  Volume. 

The  President  :  The  next  will  be  the  report  of  Massachusetts 
Chapter. 

A  synopsis  of  the  report  was  read  by  the  Secretary,  as  published 
on  page  36!)  of  this  Volume. 

The  President:  The  next  will  be  the  report  of  Michigan  Chap- 
ter, by  Wm.  F.  McDonald. 

A  synopsis  of  the  report  was  read  by  Wm.  F.  McDonald,  Secre- 
tary of  Michigan  Chapter,  as  given  on  page  370  of  this  Volume. 

The  President  :  We  will  next  hear  the  report  of  the  New  York 
Chapter,  by  Frank  K.  Chew. 

A  synopsis  of  the  report  was  read  by  Frank  K.  Chew,  President- 
elect of  New  York  Chapter,  as  given  on  page  372  of  this  Volume. 

The  President:     We  will  now  hear  the  report  of  Ohio  Chapter. 

The  report  was  read  by  W.  M.  Kingsbury,  as  published  in  the 
present  Volume,  page  376. 

The  President  :  The  last  report  is  that  of  Eastern  Pennsyl- 
vania Chapter,  which  will  be  read  by  Geo.  W.  Barr. 

A  synopsis  of  the  report  was  read  by  Geo.  W.  Barr,  President 
of  Eastern  Pennsylvania  Chapter,  as  it  appears  on  page  377  of  this 
Volume. 

The  President:  The  next  on  our  program  will  be  the  reports 
of  the  various  standing  Committees.  We  will  first  hear  the  report 
of  the  Committee  on  Research  Bureau,  by  Geo.  W.  Barr,  Chairman. 
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REPORT  OF  COMMITTEE  ON  RESEARCH  BUREAU 

At  the  last  Annual  Meeting  of  The  American  Society  of  Heat- 
ing AND  Ventilating  Engineers,  the  following  resolution  was 
adopted : 

"Resolved  :  That  a  committee  be  appointed  to  investigate  the 
possibility  of  establishing  a  Research  Laboratory  on  some 
basis  and  the  ways  and  means  for  starting  it ;  one  member  of 
this  Committee  is  to  be  from  the  Council." 

Our  President,  in  pursuance  with  the  action  above  referred  to, 
appointed  a  committee  which  at  this  time  desires  to  submit  for 
consideration  the   following : 

First :     Your  committee  believes  that  the  time  has  arrived  when  the 
Society  needs  a  Research  Laboratory ; 

Second :     Ways  and  means  of  establishing  such  Laboratory  con- 
sidered by  your  committee  were  as  follows : 

a.  That  the  U.  S.  Bureau  of  Standards  establish  a  depart- 

ment for  testing  and  rating  heating  apparatus. 

While  such  an  arrangement  would  be  without  any  expense  to  the 
Society,  it  would  be  a  question  as  to  just  how  far  the  Society 
would  have  a  voice  In  directing  the  test  and  determining  the 
conclusions   reached. 

b.  That  we  secure  the  co-operation  of  Carnegie  Institute 
or  the  Russell  Sage  Foundation  in  the  establishment  of 
such  a  Research  Laboratory. 

Here  again,  we  would  be  confronted  with  the  possibility  of  ap- 
parently endorsing  conclusions  where  the  Society  could  not 
dictate  the  procedure  which  would  be  followed  in  arriving  at 
such  conclusions. 

c.  That  the  manufacturers  who  request  the  Society  to  test 

any  part  of  their  product,  shall  agree  to  stand  the  ex- 
pense of  such  tests. 
Such  an  arrangement,  however,  would  lead  the  manufacturer  at 
least  to  believe  that  the  Society  was  under  obligations  to  him, 
if  he  had  borne  the  expense  of  testing  his  goods,  and  it  might 
be  of  doubtful  wisdom  to  economize  in  the  expense  of  operat- 
ing such  a  department  at  the  cost  of  absolute  independence,  as 
far  as  the  reports  submitted  by  the  Laboratory  are  concerned. 

d.  That  we  establish  a  Chair  in  this  branch  of  Science  at 
some  University. 
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By  having  such  a  Laboratory  available,  the  Society  would  be  able 
to  dictate  or  supervise  the  methods  which  should  be  pursued 
in  testing  the  equipment  which  might  be  most  advantageous  if 
the  Society  were  to  endorse  the  findings  of  the  Laboratory. 
The  establishment  of  such  a  Chair  would  entail  the  expense 
of  from  $1,500  to  $2,500  per  year,  which  the  Society  could  not 
bear  at  its  present  rate  of  income,  but  a  fund  might  be  secured 
by  increasing  the  dues,  and  by  adding  a  class  of  membership  to 
be  known  as  Life  Members,  who  shall  be  contributors  of 
$100.00  for  the  establishment  of  such  a  Laboratory.  The  dues 
of  such  Life  Members  shall  be  remitted  in  the  future. 

In  conclusion,  your  Committee  would  recommend  the  establish- 
ment of  a  Research  Laboratory,  preferably  by  the  U.  S.  Bureau  of 
Standards,  under  the  control  of  the  Society;  if  that  is  not  feasible, 
to  establish  a  Chair  at  a  University  whose  students  shall  make  tests 
under  the  direction  of  an  authorized  member  of  the  Society,  and 
that  the  expense  of  the  establishment  of  such  a  Chair  shall  be  met 
by  an  increase  in  the  dues,  and  the  establishment  of  life  members 
as  above  outlined. 

Your  Committee  respectfully  submits  the  above  as  its  report, 
and  would  ask  that  it  be  discharged. 

Geo.  W.  Barr,  Chairman 

H.  M.  Hart  W.  W.  Macon 

J.  D.  Hoffman  James  W.  H.  Myrick 

Wm.  F.  McDonald  Perry  West 

committee  on  research  bureau 

Geo.  W.  Barr  :  May  I  add  something  that  I  could  not  put  into 
the  report?  Undoubtedly  all  of  us  read  with  a  great  deal  of  regret 
of  the  death  of  John  Bartlett  Pierce,  and  as  his  will  devised  his 
means  to  those  in  whom  we  are  more  or  less  interested,  we  probably 
read  more  of  his  will  than  we  usually  read  of  other  wills.  I  noticed 
in  the  Public  Ledger  of  Philadelphia  of  July  10th,  that  he  had 
arranged  to  leave  some  money  for  just  such  a  chair  as  we  have 
been  talking  about,  so  I  have  written  the  executors  of  the  estate. 

Frank  K.  Chew  :  To  get  the  recommendation  of  this  report 
before  the  Society,  I  move  that  it  be  received  and  that  the  recom- 
mendation in  reference  to  the  increase  in  dues  to  defray  the  ex- 
pense be  taken  up  and  considered  now. 

The  motion  was  seconded  and  carried. 
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Frank  K.  Chew  :  The  reason  I  made  that  motion  is  that  I  am 
opposed  to  the  increase  in  dues  which  would  cause  a  decrease  in 
membership.  We  have  members  who  have  supported  the  Society 
loyally  a  long  time.  If  twenty  should  resign  as  the  result  of  an 
increase  in  dues  we  would  lose  more  that  way  than  we  would  get 
the  other  way.     , 

Some  who  belong  to  the  Society  feel  that  ten  dollars  to  the 
Society  and  five  dollars  to  the  Chapter  is  as  much  as  they  care  to 
pay.     We  don't  want  to  drive  those  fellows  out. 

There  are  other  ways  for  securing  the  necessary  funds.  In 
another  society  they  have  a  contributing  membership  which  is  com- 
posed of  manufacturers  who  don't  belong  to  the  society,  probably 
never  would,  but  they  are  interested  in  seeing  the  society  spread 
the  information  which  it  gathers,  and  sometimes  it  is  to  their  very 
positive  advantage  to  have  that  character  of  information  spread. 
It  increases  their  business  when  more  people  know  about  the  char- 
acter of  equipment  which  can  be  enjoyed,  and  thereby  they  get  the 
return. 

In  our  own  field  here  a  contributing  membership  can  be  pro- 
vided for,  by  preparing  a  well-thought-out  scheme  and  plan  for 
research  work  to  be  done  and  thoroughly  explaining  it  to  manufac- 
turers. Then  a  great  many  will  say,  "Yes,  we  will  give  a  hundred 
dollars,  or  fifty  dollars,"  a  year  for  a  period  of  years  to  make  an 
amount  annually,  anywhere  from  two  to  five  thousand  dollars, 
according  to  the  number  of  manufacturers  who  can  be  interested 
as  the  result  of  intelligent  formulation  and  intelligent  presentation 
of  the  matter. 

That  "intelligent"  part  I  want  to  emphasize,  because  if  the  plan 
were  intelligently  formulated  to  the  last  detail,  and  intelligently 
presented  to  men  who  are  a  little  bit  indifiterent  when  first  ap- 
proached, their  interest  will  be  gained  and  then  a  lasting  impression 
which  brings  their  contributions  and  success. 

Instead  of  granting  the  Committee's  request  to  be  discharged,  the 
Committee  should  be  continued  and,  if  necessary,  increased,  to 
formulate  a  plan  along  the  lines  suggested. 

Geo.  W.  Barr  :  I  believe  that  I  voice  the  sentiment  of  the  Com- 
mittee when  I  say  that  the  approach  to  manufacturers  for  funds 
for  such  a  research  laboratory  would  be  of  doubtful  wisdom.  If 
we  are  going  to  get  our  sinews  of  war  as  a  professional  organiza- 
tion from  manufacturers,  I  believe  that  we  will,  to  a  greater  or  less 
degree,  appear  to  stultify  our  position.  We  should  be  absolutely 
independent. 


Proceedings  of  the  Semi-Annual  Meeting  325 

It  seems  to  me  that  the  question  of  whether  or  not  the  Society  of 
from  TOO  to  800  members  shall  raise  the  dues  or  not  might  well  be 
discussed  at  this  time,  but  any  action  or  decision,  tentative  or  other- 
wise, would  seem  to  me  might  rightfully  be  deferred  until  our 
Annual  Meeting. 

I  do  hope  that  any  chair  that  we  establish  will  be  without  sup- 
port, financial  at  least,  from  any  firm  outside  of  our  Society,  and 
the  Committee  makes  that  recommendation  for  that  reason  and  also 
because  we  are  convinced  that  the  funds  will  be  forthcoming  either 
from  the  Society  or  from  some  other  source  than  the  manufacturer. 

We  have  this  Pierce  Foundation  possibility.  We  will  know  more 
about  that  at  the  Annual  Meeting  than  we  know  now.  I  merely 
mentioned  that  letter  because  it  could  be  taken  up,  but  it  could  not  be 
embodied  in  the  report  because  we  had  nothing  to  report  on  it. 

I  hope  that  this  matter  will  not  be  finally  disposed  of,  and  I  hope 
that  the  Committee  will  not  be  continued.  We  would  like  to  be 
discharged,  and  if  any  of  the  membership  of  that  Committee  are 
qualified  to  serve  on  another  and  later  committee,  they  might  be 
re-appointed  but  these  continuous  performances  of  committees  are 
rather  apt  to  become  mummified,  and  I  believe  the  best  interests  of 
the  Society  would  be  conserved  by  discharging  the  Committee  and 
appointing  another  later  on  for  that  or  similar  work. 

C.  A.  Blaney  :  The  remarks  of  the  speaker  just  made  I  think 
are  absolutely  in  order  because  of  the  fact  that  we  should  not 
accept  any  help  from  the  manufacturer  and  place  ourselves  under 
obligations  to  him.  I  move  that  this  Committee  be  continued  until 
they  receive  some  reply  to  the  communication  they  have  sent  out. 
I  think  that  that  will  settle  the  matter  and  they  can  report  further 
at  the  Annual  Meeting. 

This  motion  was  seconded. 

James  A.  Donnelly  :  I  think  I  have  in  the  past  contributed  a 
little  time  and  perhaps  some  money  indirectly  to  research  work.  I 
know  1  have  wasted  a  good  deal  of  time  in  research  work  in  various 
directions.  Whether  I  am  a  manufacturer  or  an  engineer  I  don't 
know. 

Speaking  of  the  Pierce  will  and  other  people  who  have  left  money 
to  the  Society,  reminds  me  somewhat  of  the  definition  of  the  states- 
man— he  is  a  dead  politician.  Only  when  a  manufacturer  has 
passed  beyond  and  left  us  remembrances  in  his  will,  can  we  accept 
his  money  uncontaminated  ?  I  scarcely  believe  that.  As  either  a 
manufacturer  or  an  engineer  I  have  been  perfectly  willing  to  donate 
a  few  dollars  anonymously  to  the  Society,  and  we  might  open  a 
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subscription  list  in  which  we  would  not  publish  the  names  of  the 
donors  who  are  manufacturers. 

We  would  welcome,  of  course,  donations  from  consulting  engi- 
neers. Consulting  engineers,  I  hope,  will  make  plenty  of  money 
in  the  near  future  so  that  they  can  contribute  generously.  I  agree 
with  the  idea,  certainly,  of  establishing  a  research  bureau.  I  think 
there  are  many  manufacturers  who  are  spending  a  great  deal  of 
money  in  research  now.  If  they  know  that  we  wish  their  informa- 
tion, I  think  they  stand  ready  at  the  present  time  to  give  it  to  us. 

There  may  be  some  manufacturers  conducting  research  work 
who  do  not  wish  to  publish  their  results  for  one  reason  or  another, 
and  I  don't  think  we  can  by  any  means  obtain  that  information  from 
them. 

I  would  rather  welcome  the  idea  of  opening  a  subscription  list 
and  taking  anonymous  subscriptions,  and  I  see  no  necessity  of  pub- 
lishing the  names  of  donors  to  any  such  fund.  The  support  of  a 
chair  that  would  cost  $1,500  or  $2,000  a  year  I  think  wouldn't  be 
very  difficult  with  a  subscription  list  which  would  not  be  made 
public.  That  would  perhaps  relieve  the  minds  of  many  of  the 
members. 

The  President:  Mr.  Blaney's  motion  was  that  this  Commit- 
tee should  be  continued.  Really,  that  is  the  matter  under  discus- 
sion. I  am  sorry  .that  Mr.  Blaney  made  that  motion  at  this  time, 
because  I  think  that  the  other  is  of  such  great  importance  that  if 
we  adopt  Mr.  Blaney's  motion  we  cut  ofT  all  discussion  on  this 
subject.  But  we  will  proceed  to  vote  on  that  unless  there  is  an 
objection. 

C.  A.  Blaney:  My  object  in  making  the  motion  was  not  to  cut 
off  discussion ;  it  was  prompted  simply  by  the  fact  that  the  Commit- 
tee had  not  finished.  They  have  sent  out  a  very  important  com- 
munication which  may  mean  that  we  will  not  need  to  raise  the  dues. 

Mr.  Blaney's  motion  was  carried. 

The  President  :  The  discussion  is  now  on  Mr.  Chew's  motion. 
I  think  that  this  is  one  of  the  most  important  matters  that  the  So- 
ciety has  before  it.  I  don't  want  to  see  it  passed  over  lightly,  nor 
do  I  want  any  time  wasted  with  it,  either.  I  am  going  to  ask 
Professor  Allen  if  he  won't  give  us  his  views  on  this  subject. 

Unless  there  is  objection  we  will  discuss  this  whole  question  of 
the  proper  method  of  procuring  a  research  bureau  together  with  the 
matter  of  raising  the  dues  to  support  it. 

Prof.  J.  R.  Allen  :  I  have  been  very  much  interested  per- 
sonally in  the  possibilities  of  the  Society  establishing  a  research 
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bureau.  How  that  is  done  is  a  matter  of  detail,  but  it  seems  to  me 
the  most  economical  way  in  which  such  a  bureau  can  be  established 
is  by  co-operating  with  some  one  of  the  Universities,  because  they 
have  the  buildings,  and  they  have  the  equipment,  and  all  the 
Society  needs  to  buy  is  a  certain  amount  of  assistance,  clerical 
assistance,  and  a  certain  amount  of  funds  for  the  purchase  of 
apparatus  and   for  supplies. 

I  .think  that  will  not  involve  any  very  great  expense,  and  it 
seems  to  me  the  most  feasible  method  of  doing  it.  As  to  how  that 
money  shall  be  raised,  I  would  be  sorry  to  see  the  dues  raised.  I 
think  the  dues  in  our  Society  are  enough,  and  I  think  the  dues  to 
all  the  Societies  should  be  kept  as  low  as  possible  so  as  to  make  the 
Society  available  to  everybody  and  not  available  to  only  a  iew. 

I  would  rather  see  the  money  for  a  purpose  of  this  kind  raised 
in  another  way,  outside  of  the  increase  of  the  regular  dues  of  the 
Society,  and  let  contributions  be  made  by  individuals,  not  by 
firms.  That  ehminates  all  the  question  of  commercialism  entering 
into  our  Society  and  research  bureau.  I  am  sure  that  if  the 
Society  wishes  to  establish  a  research  bureau  a  great  many  of  the 
Universities  will  be  very  glad  and  anxious  to  co-operate  with  it  in 
doing  that. 

Prof.  J.  D.  Hoffman  :  As  a  member  of  the  Committee,  I  favored 
first,  research  work  in  connection  with  the  government,  that  is,  a 
government  fund,  administered  by  the  Society. 

Next  to  that,  I  favored  the  establishment  of  a  chair  of  Heating 
and  \'entilating  Research  at  one  of  the  technical  schools  of  the 
country,  the  same  to  be  directly  managed  by  someone  who  is  an 
active  member  of  this  Society. 

In  regard  to  the  funds,  I  believe  that  I  would  myself  dislike 
to  see  the  dues  raised.  I  think  the  money  could  be  raised  in  the 
Society  by  popular  subscription  if  the  members  understood  that  it 
was  necessary  for  the  proper  development  of  the  scientific  side  of 
our  work.     If  done  in  this  way  we  could  be  absolutely  independent. 

Professor  Allen's  suggestion  however,  is  a  good  one,  that  if  we 
receive  general  subscriptions  from  any  who  wish  to  give,  we  would 
not  feel  under  obligations  to  any  one. 

The  President:  If  the  Chair  may  be  allowed  to  make  a  few 
remarks  on  this  subject  I  will  say  that  I  have  discussed  this  matter 
with  Dr.  Dickinson  of  the  Bureau  of  Standards.  I  find  that  the 
Bureau  of  Standards  has  absolutely  no  money  for  anything  along 
our  line.  They  have  books  of  projects  that  they  desire  to  under- 
take, and  have  no  funds  with  which  to  prosecute  them. 


328  Proceedings  of  the  Semi-Annual  Meeting 

A  few  years  ago  The  American  Society  of  Refrigerating  Engi- 
neers went  before  Congress  and  got  a  special  appropriation  of 
$15,000  for  the  Bureau  of  Standards  to  conduct  certain  tests  on 
refrigeration.  Those  tests,  I  understand,  will  be  completed  this 
year,  and  I  am  told  by  the  Bureau  that  as  soon  as  the  money  gives 
out  (which  will  be  during  the  current  year)  these  tests  will  be 
cut  ofif  completely  and  possibly  before  they  are  completed. 

I  don't  believe  there  is  a  possibility  of  doing  anything  with- the 
Bureau  of  Standards.  I  had  an  idea  that  the  funds  for  this  Research 
Bureau  could  be  easily  raised  by  our  getting  together,  say,  forty  or 
fifty  people — and  T  am  frank  to  say  that  I  wouldn't  care  whether 
they  were  manufacturers,  consulting  engineers,  contractors  or  some 
fellow  that  was  just  interested  in  heating  and  ventilating  (I  don't 
see  that  it  would  make  any  difference) — who  would  each  put  in  $50 
for  a  period  of,  say,  ten  years. 

I  believe  that  there  are  sufficient  people  in  this  country  that  are 
interested  in  the  development  of  the  art  of  heating  and  ventilating, 
who  would  contribute  the  fifty  dollars  without  any  desire  in  the 
world  of  getting  advertising  as  a  result,  and  if  we  put  all  of  the 
contributions  on  the  same  plane  and  had  it  wide-spread,  no  firm 
could  reap  any  benefit  from  it  whatsoever. 

Geo.  W.  Barr:  On  the  question  of  the  practical  and  the  ethical 
side  of  this  question,  there  was  a  test  made  by  one  of  our  Univer- 
sities of  a  certain  piece  of  apparatus  and  the  published  report  was 
absolutely  not  in  accordance  with  the  facts.  Eight  or  ten  men 
(well  known  in  that  particular  branch  of  Engineering)  tried  to 
secure  a  statement  from  the  University  that  the  report  had  the 
endorsement  of  the  University.  Up  to  date  they  have  been  unable 
to  obtain  anything  definite. 

While  I  am  very  anxious  to  see  the  laboratory  established,  and 
I  don't  want  to  appear  to  be  overly  squeamish,  it  seems  to  me 
that  either  anonymous  or  individual  contributions,  either  yearly  or 
in  one  lump,  might  place  funds  in  our  hands  to  establish  the  labora- 
tory and  still  maintain  our  absolute  independence. 

If  a  man  were  to  leave  me  a  million  dollars,  I  think  I  would 
be  a  little  biased  in  his  favor.  I'd  think  he  showed  wonderful 
judgment.  I  believe  that  applies  in  the  testing  of  goods.  We  don't 
want  to  do  what  is  not  ethically  correct,  but  it  is  just  going  to  move 
you  over  a  little  bit  so  that  individual  or  anonymous  contributions 
might  be  the  solution. 

F.  R.  Still:  Personally  I  don't  see  anything  wrong  with  con- 
tributions by  corporations  for  this  purpose,  and  I  can't  distinguish 


Proceedings  of  thf.  Semi-Annual  Meeting  329 

wherein  there  is  any  difference  between  a  corporation  doing  it  or 
whether  some  individual,  who  is  connected  with  a  corporation,  does 
it,  because  if  you  find  out  the  true  facts  in  the  case,  the  corporation 
usually  pays   for   it  anyhow. 

To  my  mind,  the  question  is  largely  one  of  who  is  on  the  Com- 
mittee, how  your  Committee  is  organized  to  take  care  of  this 
research  work,  and  whether  you  can  trust  them  to  do  it. 

I  know,  so  far  as  concerns  the  corporation  I  am  with,  that  any- 
body who  will  take  up  research  work  on  anything  we  are  interested 
in,  and  will  go  ahead  with  it  in  a  progressive  manner,  having  a 
definite  idea  of  getting  certain  results,  we  would  be  glad  to  con- 
tribute $50  a  year  for  ten  years  rather  than  to  spend  $500  or  $1 ,000 
a  year  for  ten  years  in  trying  to  do  it  ourselves.  And  we  wouldn't 
want  any  advertising  out  of  it,  either. 

I  think  this  same  idea  prevails  with  all  the  larger  concerns.  There 
may  be  some  concerns — in  fact  I  have  known  of  them — who  in 
just  such  cases  as  were  recited  by  Mr.  Barr,  will  try  to  get  some- 
thing that  is  not  due  them,  but  the  committee  having  the  matter  in 
charge  for  the  Society,  should  be  allowed  to  deal  with  it  as  condi- 
tions seem  to  warrant. 

R.  CoLLAMORE :  This  is  a  matter  that  I  haven't  given  a  great 
deal  of  thought  to,  although  I  have  been  ver}'^  much  interested  in  the 
discussion.  I  do  think  that  the  Society  ought  to  have  such  a 
Bureau.  I  think  we  need  it  because  we  are  supposed  to  be  a  Society 
of  professional  men. 

Personally,  I  would  be  in  favor  of  a  raise  in  the  dues,  because  I 
believe  that  every  member  of  the  Society  should  have  a  part  in  this 
work.  The  burden  ought  to  be  equally  distributed  and  not  central- 
ized. I  don't  think  the  dues  are  extremely  high.  In  fact,  they  are 
the  lowest  dues  of  any  of  the  national  societies,  except  perhaps  the 
dues  of  the  Associate  IMembers  of  the  Institute  of  Electrical  Engi- 
neers. By  raising  the  dues,  everybody  in  the  Society  will  take  an 
interest  in  the  work  of  this  bureau. 

At  the  same  time  I  don't  think  we  ought  to  stop  anybody  if  they 
want  to  contribute,  but  in  my  opinion  the  contributions  should  come 
from  the  individual  and  not  from  corporations,  as  such. 

S.  R.  Lewis:  I  think  it  would  be  highly  desirable  if  a  plan  could 
be  developed  so  that  we  could  contribute  by  increasing  our  dues  a 
little,  and  any  firm  who  benefited  as  some  manufacturer  might,  by 
having  tests  made,  might  have  some  basis  of  a  fee  which  he  could 
contribute  in  that  way,  if  it  were  possible  to  develop  some  means 
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of  doing  so  without  a  biased  effect  being  obtained  from  using  the 
contribution. 

L.  C.  Soule:  I  would  approve  of  what  Mr.  Lewis  has  jusl 
stated  regarding  the  raising  of  the  dues  a  small  amount.  I  think 
it  would  be  a  mistake,  as  Mr.  Chew  has  said,  to  raise  them  very 
much.  Perhaps'  increasing  the  dues,  say,  a  matter  of  $2  a  year, 
would  not  raise  the  full  amount  but  would  help  out,  and  then  other 
contributions  could  be  solicited  from  members  who  might  be  styled 
"sustaining  members"  of  the  Society,  for  this  particular  purpose. 

I  also  believe  we  should  take  advantage  of  the  contributions  of 
manufacturers  and  others  of  our  members  who  are  in  the  contract- 
mg  line. 

Prof.  F.  E.  Giesecke:  I  think  it  would  be  a  mistake  if  this 
Society  established  a  chair.  I  think  we  ought  to  have  a  Bureau 
or  Committee,  which  ought  to  be  in  touch  with  all  the  research  lab- 
oratories in  the  country.  1  think  that  plan  could  be  financed  more 
readily  and  give  better  results. 

The  reason  I  believe  it  would  be  a  mistake  to  appoint  some  one 
man  is  that  the  scope  of  the  research  work  which  we  must  do  is 
entirely  too  wide  for  any  one  man  to  cover  successfully. 

Most  of  you  know  that  the  Council  of  National  Defense  is  mak- 
ing an  effort  to  co-ordinate  and  to  mobilize  all  the  research  bureaus, 
and  I  think  we  should  take  advantage  of  that. 

Prof.  J.  R.  Allen  :  I  want  to  endorse  what  has  just  been  said. 
A  Bureau  of  that  kind  should  be  in  charge  of  a  Committee  of  the 
Society. 

The  President  :  Are  there  any  other  members  that  would  like 
to  give  us  their  views?  If  not  I  will  ask  Mr.  Barr  if  he  has  any- 
thing further  to  say  as  Chairman  of  the  Committee. 

Geo.  W.  Barr:  If  that  Committee  is  to  be  continued,  we  would 
like  to  have  a  transcript  of  all  these  remarks  that  have  been  made 
here  and  we  would  like  the  help  of  every  member  of  the  Society. 
We  need  it.  We  want  your  views  and  we  want  them  on  the  sub- 
ject that  is  under  discussion;  any  expression  of  opinion  from  any 
member  of  this  Society  will  be  welcomed  by  that  Committee. 

It  seems  to  be  the  consensus  of  opinion  here  to-day  as  it  was  in 
the  Committee,  that  the  time  is  ripe  for  the  establishment  of  that 
laboratory.  Now,  the  ways  and  means  as  you  have  seen  from  the 
discussion  here  are  doubtful ;  we  are  not  sure  as  to  the  best  method 
of  procedure.     And  if  we  can  get  the  help  of  each  member  by  a 
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frank  expression  of  his  views,  the  Committee  will  welcome  those 
suggestions  and  will  do  its  best  to  embody  them  in  the  report  which 
it  will  make  at  the  next  Annual  Meeting. 

C.  A.  Blaney  :  My  object  in  making  the  motion  pertaining  to 
this  Committee  was  that  I  know  the  trustees  of  this  estate,  and  two 
of  the  members  I  know  are  interested  in  research  work.  I  know  if 
this  Committee  will  work  in  harmony  with  the  trustees  of  the  Pierce 
estate,  there  is  no  doubt  but  what  a  bureau  such  as  we  require  for 
this  organization  can  be  properly  established,  and  that  was  the 
reason  that  I  made  the  motion  to  refer  this  back  to  the  Committee 
to  report  at  the  Annual  Meeting. 

James  H.  Davis:  I  cannot  see  how  we  can  suggest  that  this 
estate  give  us  money  and  not  give  the  same  privilege  to  other  manu- 
facturers. This  estate  represents  the  largest  company  in  the  heat- 
ing industry  of  the  world,  and  if  we  solicit  money  from  that  estate, 
I  see  no  reason  why  we  wouldn't  be  justified  in  accepting  it  from 
any  other  manufacturer.  We  do  not  want  to  lay  our  Society  open 
to  criticism  on  this  point. 

Geo.  W.  Barr  :  There  seems,  to  the  Chairman  of  the  Commit- 
tee, to  be  one  slight  difiference  there.  If  Mr.  Pierce,  who  is  de- 
ceased, had  attempted  to  give  $3,000,000  of  the  American  Radiator 
Company's  money  to  any  of  the  employees,  he  would  have  had  a 
little  difficulty  explaining  it,  but  it  was  his  money  that  he  gave  after 
he  had  used  it  as  long  as  he  needed  it. 

The  President  :  I  am  glad  we  have  gotten  as  full  a  discussion 
as  we  did.  I  believe  that  the  views  expressed  will  be  of  considerable 
use  to  the  Committee,  and  I  believe  further  that  it  would  be  hard 
for  us  to  improve  on  the  Committee  that  was  already  selected  to 
carry  out  this  work.  The  fact  that  they  did  come  here  with  a 
report  shows  considerable  progress  and  energ}^. 

Frank  K.  Chew:  Before  you  close  this,  I  v/ant  to  say  that 
in  the  discussion  here  you  have  lost  sight  of  my  point  which  is 
more  important  than  the  points  others  have  made,  that  is,  that  you 
have  an  intelligently  formulated  plan.  There  is  more  importance 
in  the  intelligent  formulation  and  presentation  than  there  is  in  the 
money. 

It  will  take  at  least  a  year  to  formulate  that  intelligent  plan  which 
you  can  lay  before  manufacturers  who  will  gladly  contribute  when 
that  well-formulated  plan  is  laid  before  them,  again  and  again,  and 
as  intelligently  as  the  plan  is  formulated. 
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Let  the  plan  be  formulated  and  if  it  is  worth  considering  it  will  be 
carried  out  later.  That  is  the  immediate  job  for  the  Committee. 
So  far  as  the  money  coming  from  one  place  or  another  is  concerned, 
there  will  be  no  trouble  when  the  list  of  contributors  is  published 
broadcast.  It  will  be  an  honor  when  that  well-formulated  plan  is 
being  carried  out. 

The  President  :  We  will  next  hear  the  report  of  the  Commit- 
tee on  Engineering  Co-operation,  of  which  Mr.  John  Hale  is  Chair- 
man  (see  Report  and  the  Discussion  on  pages  393-406). 

The  President:  The  next  is  the  report  of  the  Committee  on 
Standard  Method  of  Testing  Radiators,  Prof.  John  R.  Allen,  Chair- 
man. 

Prof.  J.  R.  Allen  :  I  want  to  apologize  as  Chairman  of  the 
Committee  for  not  having  formulated  a  definite  report.  I  have 
two  excuses.  One  is  that  we  have  been  developing  a  method  of 
testing  radiators  by  electricity  and  up  to  within  two  months  ago,  it 
didn't  check  with  the  ordinary  steam  methods  as  it  should.  We 
have  now  been  able  to  check  up  the  two  methods  absolutely,  and  I 
wish  to  present  that  method  of  testing  to  the  Society  before  we  make 
a  final  report. 

I  am  able  to  say  at  this  time  that  the  tests  now  are  very  satis- 
factory and  the  method  is  much  simpler,  much  more  easily  operated 
and  much  less  apt  to  have  an  error  in  it  than  the  ordinary  method 
that  is  used,  and  I  hope  that  the  Committee  next  time  will  be  able 
to  report  upon  that  method,  together  with  the  steam  method  for 
testing  radiators. 

The  other  excuse  is  that  all  my  books  and  papers  are  in  transit 
and  I  can't  get  at  them. 

The  President  :  Do  you  contemplate  the  formulation  of  that 
report  so  that  we  may  publish  it  previous  to  the  next  meeting? 

Prof.  J.  R.  Allen  :     Yes,  sir. 

James  A.  Donnelly:     I  move  that  the  Committee  be  continued. 

Motion  was  seconded  and  carried. 

The  President  :  Next  is  the  report  of  the  Committee  on  Stand- 
ard Method  for  Testing  Air  Washers,  by  Mr.  A.  E.  Stacey,  Jr., 
Chairman. 

The  report  was  read  by  Mr.  Stacey  as  published  on  page  407  of 
this  Volume. 

The  President  :  Next  on  our  program  is  the  report  of  the  Com- 
mittee on  School  House  Standards,  of  which  Frank  I.  Cooper,  of 
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Boston,  is  Chairman.     He  is  not  present  so  the  Secretary  will  read 
certain  extracts  from  this  report. 

The  Secretary  :  Mr.  Cooper  is  in  attendance  at  a  meeting  of 
the  National  Educational  Association  now  being  held  in  Portland, 
Oregon,  and  he  has  sent  a  copy  of  the  report  that  he  intends  to  make 
there,  with  the  request  that  excerpts  be  read  from  it  which  will 
give  the  membership  an  idea  of  what  the  Committee  is  undertaking 
to  accomplish. 

The  Secretary  read  an  abstract  of  the  Report  as  published  on 
page  411  of  this  \"olume. 

The  President  :  At  a  Council  meeting  earlier  in  the  year,  the 
question  of  the  Society  issuing  charters  to  the  various  Chapters 
was  brought  up  for  discussion  and  it  has  been  discussed  at  various 
times  by  the  Council  since.  The  matter  was  finally  referred  to  a 
committee  for  action  and  F.  R.  Still  is  Chairman  of  that  Commit- 
tee.    He  will  now  tell  us  about  their  work. 
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REPORT  OF  COMMITTEE  ON   CHARTER  FOR  LOCAL 

CHAPTERS 

Your  Committee  appointed  at  a  meeliiig  of  the  Council  held  in 
New  York  on  May  21,  1917,  to  draw  up  a  proposed  form  of  charter 
for  the  organization  of  local  Chapters  of  the  Society,  recommends 
after  due  consideration  that  the  charter  be  drawn  up  in  the  form 
submitted  below : 

CHARTER 

FOR  THE  ORGANIZATION  OF  THE 

CHAPTER 

OF 

THE  AMERICAN   SOCIETY  OF  HEATLXc;  AND 
VENTILATING  ENGINEERS 

1.  This   Chapter   is   organized   with  the  object  of   promoting  the 

arts  and  sciences  of  Heating  and  Ventilating  in  all  its  branches 
and  for  the  advancement  of  the  professional  standards  of  its 
members,  by  means  of  lectures,  the  reading,  publication  and 
discussing  of  professional  papers  and  the  interchange  of  ideas 
and  experiences. 

2.  The  membership  of  this  Chapter  shall  comprise  only  those  who 

are  in  good  standing  in  The  American  Society  of  Heating 
AND  Ventilating  Engineers,  and  any  chapter  member  who 
shall  cease  to  be  in  good  standing,  shall  forfeit  his  membership 
therein. 
'•i.     This  Chapter  shall  be  organized  under  and  conducted  according 
to  the  Constitution  and  By-Laws  of  the  Society  and  shall  at 
all  times  be  amenable  to  such  rules  and  regulations  as  may  be 
adopted  by  the  Council  of  the  Society. 
4.     This  Chapter  may  adopt   a  Constitution,   By-Laws  and   Rules 
for  the  government  of  its  members,  provided  they  do  not  con- 
flict with  those  of  the  Society,  nor  the  laws  of  the  City  or  State 
m  which  it  is  located. 
•J.     This  Charter  is  revokable  for  cause  at  any  time,  by  the  Council 
of  the  Society. 

By 

Signed  this day  of 19 ...  . 

President. 

Attest   

Secretary. 

In  view  of  the  fact  that  probably  never  more  than  two  dozen  of 
these  charters  will  ever  be  granted  and  considering  what  it  would 
cost  to  have  a  lithographic  plate  made,  and  further,  in  view  of  the 
fact  that  none  of  the  Chapters  have  any  permanent  headquarters 
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and  that  the  files  of  the  Secretary  will  usually  be  maintained  in  his 
business  office,  and  as  the  office  of  the  Secretary  is  Hkely  to  change 
every  year,  we  believe  that  a  charter  written  on  the  stationery  of  the 
Society  by  a  typewriter,  and  which  can  be  filed  in  the  permanent 
files  of  the  Society,  will  answer  all  the  requirements  and  serve  the 
purposes  intended,  and  be  more  convenient  than  it  would  be  to  have 
one  orotten  up  in  a  form  that  could  be  framed  for  public  exhibition. 

F.  R.   Still,   Chairman, 
Dr.  E.  Vernon  Hill, 
Walter   S.   Timmis. 


DISCUSSION 

F.  R.  Still  :  In  connection  with  that  report,  one  point  has  not 
lieen  covered,  as  the  Committee  deemed  it  advisable  to  leave  it 
alone,  namely,  territorial  limitations.  It  was  under  discussion  at 
one  of  the  Council  meetings  and  aroused  some  very  strong  argu- 
ments. The  committee  is  of  the  opinion  that  there  should  be  no 
territorial  limitations  on  any  Chapter,  but  if  there  are  to  be  any, 
that  the  Council  deal  with  each  particular  case  as  it  comes  up.  There 
are  some  cities  in  this  country,  like  Minneapolis  and  St.  Paul,  which 
are  within  a  few  miles  of  one  another.  It  would  be  almost  impos- 
sible to  define  territorial  limitations  satisfactorily,  by  regulations,  in 
such  cases. 

We  find  there  are  a  number  of  gentlemen  in  Toledo  who  would 
be  willing  to  come  over  to  Detroit,  as  it  is  only  65  miles,  whereas 
it  is  130  miles  over  to  Cleveland,  where  is  located  the  nearest 
Chapter  to  Toledo  in  the  State  of  Ohio,  as  State  lines  should  not 
define  the  limits  of  territory.  We  thus  thought  we  would  leave 
all  future  action  entirely  to  the  discretion  of  the  Council. 

The  President  :  This  was  brought  up  to  see  whether  or  not 
the  membership  approved  of  this  method  of  handling  this  matter. 

Prof.  J.  R.  Allen  :  I  move  that  the  report  of  the  Committee 
be  approved  by  the  Society. 

Mr.  Collamore  seconded  the  motion. 

James  A.  Donnelly:  1  think  it  would  be  well  for  all  these 
reports  that  come  in  in  a  manuscript  form  to  be  laid  over  for 
action  until  they  are  printed  in  the  Journal.  Why  can't  we  have 
a  universal  rule  and  print  them  all?  Then  we  can  look  them  over 
beforehand.  I  wouldn't  like  to  pass  final  action  on  that — as  a  prec- 
edent for  other  things. 
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F.  R.  Still  :  This  report  was  really  to  be  presented  to  the  Coun- 
cil and  not  to  the  Society.  It  was  brought  up  here,  however,  to 
see  what  the  various  members  think  about  it. 

Frank  K.  Chew  :  Then  shouldn't  the  motion  be  that  it  is  the 
sense  of  this  meeting  that  the  course  pursued  by  the  Committee  in 
recommending  the  action  to  the  Council,  meets  with  favor  here? 

This  amendment  was  accepted. 

Jas.  H.  Davis  :  I  would  like  to  ask  if  all  Chapters  that  are  now 
constituted  will  have  to  have  a  new  charter. 

The  President  :     They  haven't  any  now ;  they  are  just  existing. 
The   motion   as   amended  by    Mr.    Chew    was   put   to   vote   and 
carried. 

The  President:  On  May  21st,  there  was  held  in  New  York, 
a  meeting  of  a  committee  consisting  of  five  members  of  the  National 
District  Heating  Association,  which  included  President  Byron  T. 
Gifford,  Vice-President  G.  W.  Martin  (who  is  now  President  of 
the  Association),  Secretary  D.  L.  Gaskill,  C.  A.  Gillham  and 
Charles  R.  Bishop ;  and  five  of  our  members  including  C.  W.  Obert, 
A.  K.  Ohmes,  two  of  those  above  named — Mr.  Bishop  and  Mr. 
Martin  who  were  members  of  both  Societies,  and  your  President. 

These  committees  met  with  a  view  to  determining  if  the  National 
District  Heating  Association  and  The  American  Society  of  Heat- 
ing and  Ventilating  Engineers  could  not  co-operate  in  a  great  deal 
of  their  work  to  their  mutual  benefit. 

If  I  understand  the  matter  correctly,  the  National  District  Heat- 
ing Association,  in  addition  to  considerable  research  and  the  presen- 
tation of  discussion  of  technical  papers,  also  has  many  sessions  in 
which  they  discuss  business  policies  of  their  various  companies,  and 
other  commercial  matters  in  which  we  would  not  be  interested.  It 
seems  there  is  a  well-defined  need  for  both  Societies,  but  that  there 
is  not  the  need  of  both  Societies  conducting  independent  efforts 
along  the  line  of  technical  research,  so  three  things  were  proposed 
at  this  meeting  which  seemed  to  be  wise  if  they  meet  with  the 
approval  of  our  respective  Societies. 

The  first  was  that  we  should  appoint  a  committee  to  outline  what 
research  would  be  conducted  from  year  to  year  by  our  Society,  our 
committee  to  confer  with  the  committee  from  the  National  District 
Heating  Association,  to  see  that  the  two  work  in  conjunction  and 
that  both  shall  not  do  the  same  work. 

Secondly,  that  our  committee  on  program  for  meetings,  procuring 
the  papers,  should  confer  with  their  committee  in  an  endeavor  to 
have  papers  that  would  not  duplicate. 
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And  third,  the  question  of  holding  our  respective  meetings  at 
the  same  place,  the  same  week — not  to  combine  the  meetings  in  the 
sense  that  the  two  would  hold  the  meetings  together,  but  if  the 
National  District  Heating  Association,  for  instance,  take  two  or 
three  days,  as  they  might  require,  to  discuss  their  business  prob- 
lems, probably  the  first  part  of  the  week,  then  the  latter  part  of 
the  week  could  be  devoted  to  our  meetings,  in  which  they  would 
join  us  in  the  discussion  of  our  technical  papers. 

They  hold  only  one  meeting  a  year  and  that  meeting  is  held  in 
the  summer,  as  their  busy  season  is  during  the  winter  months, 
so  that  it  has  been  suggested  that  an  endeavor  may  be  made  to  hold 
our  summer  meeting  next  year  at  the  same  place  and  during  the 
same  week  as  the  National  District  Heating  Association. 

It  is  further  suggested  that  the  meeting  be  held  in  June  instead 
of  July.  They  have  held  their  meetings  previously  in  May  and  we 
have  held  ours  in  July,  so  that  it  seemed  that  if  we  were  to  hold  a 
joint  meeting,  it  would  be  w^ell  if  we  could  each  give  way  one 
month  and  that  would  throw  us  some  time  in  June  for  the  meeting. 

The  work  of  our  Committee,  of  course,  was  done  subject  to  your 
approval.  These  were  the  things  that  seemed  to  us  desirable,  and 
if  you  approve,  our  suggestion  would  be  that  a  Committee  from 
this  Society  be  appointed  either  by  you  or  by  the  Chair  to  work  out 
with  the  committee  which  they  have  appointed,  these  matters  of 
co-operation  and  to  arrange  for  the  summer  meeting  next  year.  I 
will  be  glad  to  have  the  views  of  any  of  the  members  on  this 
subject. 

Prof.  J.  R.  Allen:  As  a  member  of  both  Societies,  I  can 
ap])reciate  that  very  much.  I  think  we  can  save  time  and  effort 
by  holding  a  joint  meeting  with  the  National  District  Heating 
Association,  and  I  am  thoroughly  in  favor  of  such  a  move  on  the 
part  of  this  Society. 

Thko.  Weixsii.ank:  Being  a  member  of  both  Societies,  I  would 
l)e  greatly  in  favor  of  having  the  meetings  of  both  arranged  so  as 
to  meet  at  the  same  time  and  at  the  same  place,  the  third  or  fourth 
week  of  June.  My  reasons  for  giving  the  time,  is  that  a  number 
of  Professors  belong  to  both  Societies  and  they  would  prefer  to  have 
it  the  latter  part  of  June,  after  commencements  at  the  different 
Universities. 

I  would  also  suggest  that  the  same  Committee,  that  has  met  with 
the  other  .Association,  be  retained  and  instructcfl  to  make  arrange- 
ments as  suggested  above. 
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Prof.  J.  D.  Hoffman  :  I  would  like  to  second  the  remarks  that 
have  just  been  made.  I  am  a  member  of  both  Societies,  and  would 
appreciate  having  the  meeting  in  June.  I  suspect  all  college  men 
would  like  to  have  it  about  the  third  week  in  June. 

Frank  K.  Chew  :  I  also  confess  to  being  a  member  of  both 
Societies.  I  want  to  speak  selfishly,  however,  as  June  will  be  so 
full  of  conventions  for  the  trade  press  that  I  hope  you  will  eliminate 
any  consideration  of  it.  This  year  there  were  five  conventions,  in 
June,  in  which  we  were  interested. 

The  older  established  associations  that  hold  their  conventions  in 
June,  have  it  in  their  By-Laws,  have  some  rights,  and  we  have  the 
duty  and  responsibility  of  giving  them  such  consideration  as  our 
own  program  will  permit.  Speaking  for  myself,  however,  I  hope 
that  we  won't  crowd  June  any  fuller. 

The  President  :  It  is  going  to  be  a  hard  task  to  select  a  month 
that  will  suit  every  one  and  get  the  vacations  just  right. 

Homer  Addams  :  I  would  Hke  to  ask  Mr.  Chew  if  he  knows 
what  conventions  are  scheduled  to  be  about  the  third  week  in  June. 

Frank  K.  Chew  :  The  National  Association  of  Master  Steam 
and  Hot  Water  Fitters  and  the  National  Association  of  Master 
Plumbers.  They  set  their  days  differently,  sometimes  one  time  in 
June  and  sometimes  another.  It  has  been  from  the  first  week  in 
June  to  the  third  week  in  June  for  both  of  those  organizations.  The 
National  Warm  Air  Heating  and  Ventilating  Association  always 
hold  their  meeting  in  June. 

J.  J.  Blackmore  :  As  I  am  a  member  of  only  one  of  the  Societies, 
it  might  be  well  for  a  one-sided  member  to  say  a  word  or  two.  I 
always  believe  in  co-operating  with  every  kindred  society,  and  when 
the  central  station  heating  Society  was  formed  I  felt  that  if  this 
Society  had  done  its  work  as  it  should  have,  that  organization  would 
not  have  been  needed.  We  ought  to  have  been  one  society.  Now, 
the  closer  we  can  get  together  the  better,  and  I  am  very  heartilv  in 
favor  of  holding  a  joint  summer  meeting  with  them. 

The  President:  Mr.  Weinshank,  your  motion,  if  I  remember 
correctly,  was  to  the  effect  that  we  should  endeavor  to  co-operate, 
as  was  suggested  by  the  Committee.  I  want  to  ask  if  you  would 
modify  that  part  of  it  because  I  believe  that  Committee  should  be 
somewhat  larger.  Mr.  Obert  and  myself  are  the  only  two  really 
appointed  on  the  committee.  Mr.  Ohmes  came  at  our  request,  so 
did  Mr.  Bishop  and  Mr.  Martin.  I  would  Hke  to  let  the  Council 
select  the  committee. 
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Thko.  Wkinshank  :     I   iv^wc  to  that. 

HoMKk  Addams  :  To  helj)  the  situation  of  Mr.  Chew,  I  would 
like  to  amend  that  motion,  that  the  meeting  be  held  earlier  than  the 
third  week  in  June  at  the  discretion  of  the  committee. 

This  amendment  was  seconded  and  carried. 

The  motion  as  amended  was  seconded  and  carried. 

The  Presidknt:  Probably  a  good  many  of  you  do  not  know 
that  our  home  in  New  York,  the  Engineering  Societies  Building, 
29  West  39th  Street,  is  adding  three  stories,  which  are  to  be  occu- 
pied largely  by  the  American  Society  of  Civil  Engineers.  When 
the  building  was  first  erected,  the  Civil  Engineers  did  not  come  in 
but  now  they  are  coming  into  the  building  and  their  Constitution  is 
similar  to  ours  in  that  it  requires  that  the  annual  meeting  shall  be 
held  in  the  third  week  of  January. 

They  have  an  attendance  usually  of  3,000  to  3,500  members.  If 
we  attempt  to  hold  our  meeting,  the  Annual  Meeting,  during  the 
third  week  of  January,  we  will  be  lost.  You  won't  be  able  to  find 
us  among  those  3,500  others,  so  that  as  published  in  the  last  Journal, 
we  have  proposed  that  our  meeting  shall  be  held  during  the  fourth 
week  of  January  when  there  are  no  other  conventions  scheduled 
for  the  building. 

Our  meeting  will  begin  on  the  22d  of  January  instead  of  the  I'^th 
as  it  did  last  year,  and  while  our  Constitution  provides  that  it  shall 
be  the  third  week  and  we  cannot  revise  our  Constitution  until  the 
January  meeting,  we  propose  to  meet  that  by  a  few  of  us  meeting 
on  the  day  required  and  adjourning  the  meeting  until  the  following 
week  when  we  will  ask  the  rest  of  you  to  come  on  to  New  York  and 
help  us  hold  the  meeting. 

If  there  is  no  serious  objection,  that  is  the  method  that  has  been 
proposed  by  the  Council  as  being  the  wisest  course  for  us  to  pursue. 
I  hope  that  will  be  approved. 

Prof.  J.  D.  Hoffman  :  Some  of  the  Universities  close  their 
work  for  the  first  semester  and  open  the  second  semester  at  this 
time.    It  is  about  the  worst  time  for  the  University  men  to  get  away. 

Frank  K.  Ciikw  :  Sometimes  the  calendar  is  so  fixed  that  the 
third  week  in  January  is  the  second,  that  is,  in  order  to  get  the  third 
Tuesday  the  date  may  be  four  or  five  days  difi'ercnt.  I  don't  see 
any  reason,  inasmuch  as  the  Civil  Engineers  Society  is  older  than 
we  arc  and  likely  to  live  quite  as  long,  why  we  should  not  change  our 
Constitution  to  some  other  date. 
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The  President;  We  can't  amend  the  Constitution  except  at 
the  annual  meeting.     It  will  be  laid  before  you  at  that  time. 

Frank  K.  Chew  :  But  you  can't  do  this  before  this  complica- 
tion takes  place? 

The  President  :  Yes,  but  we  propose  to  meet  that  by  holding 
a  meeting  and  adjourning  until  the  next  week. 

Frank  K.  Chew  :  I  move  that  the  Council  be  empowered  to 
proceed  with  this  matter  in  the  best  possible  way. 

James  A.  Donnelly:  I  want  to  Avarn  you  before  making  the 
mistake  of  changing  the  Constitution  without  changing  the  Articles 
of  Incorporation.  If  you  change  the  date  in  the  Articles  of  Incor- 
poration, it  will  practically  automatically  change  the  Constitution. 

The  motion  was  seconded  and  carried. 

The  President  :  The  next  on  our  program  is  a  paper  entitled : 
Hot  Water  Heating  System  of  the  Crane  Co.  Plant,  by  F.  E.  Mc- 
Creary.  The  discussion  of  this  paper  will  be  postponed  until  our 
meeting  of  Friday,  because  it  fits  in  so  well  with  the  discussion  that 
will  take  place  on  district  heating. 

The  paper  was  read  by  the  Author  as  published  in  the  July  issue 
of  the  Journal  (page  505). 

F.  R.  Still  :  I  move  that  a  vote  of  thanks  be  tendered  to  Mr. 
McCreary  for  his  courtesy  in  presenting  this  paper,  which  had 
proved  so  interesting  to  us. 

The  motion  was  seconded  and  carried. 

The  session  then  adjourned    for  luncheon. 

SECOND  session WEDNESDAY  P.    M.,   JULY  18,    19]? 

The  President  :  About  two  weeks  ago,  the  War  Department 
at  Washington  detailed  Col.  C.  S.  Richie,  of  the  Engineer  Corps, 
to  address  us  here  this  afternoon  on  the  subject  of  the  heating, 
ventilating  and  sanitation  requirements  of  the  Army.  Unfortun- 
nately.  Col.  Richie  has  been  called  away  to  the  South  on  some  very 
important  business,  so  that  he  could  not  be  here  today.  We  have, 
however,  found  an  officer  of  the  Engineer  Corps  that  will  give  us 
an  address,  and  it  will  be  my  pleasure  to  introduce  to  you  Capt. 
Solbert.  Capt.  Solbert  is  a  member  of  the  class  of  1910  of  West 
Point.  He  was  for  a  considerable  length  of  time  with  General 
Goethals  in  the  Canal  Zone.  He  was  afterwards  with  the  troops 
in  Texas  City.  He  was  for  a  time  on  the  Mississippi  and  Ohio 
Rivers  on  the  bank  revetment  work.     He  also  attended  the  United 
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States  Engineering  School  at  Washington,  and  for  the  past  years 
he  has  been  instructor  at  West  Point  in  civil  and  military  engineering. 
Capt.   Solbert  will  talk  to  us  on  the  subject:     The  Engineer  in 
War.    I  take  pleasure  in  introducing  Capt.  O.  N.  Solbert. 

CAPT.  O.  N.  SOLBERT^:  All  of  you  gentlemen  realize  that  war 
today,  more  than  ever  before,  is  a  practical  application  of  science.  We 
see  that  in  every  device  that  is  being  used  today.  Everything  that  goes 
to  make  up  war  practically  has  a  scientific  basis,  and  we  might  say  from 
the  start,  in  a  modern  war,  the  army  plays  a  comparatively  small  part. 

If  the  army  did  play  the  most  important  part,  Germany  would  have 
won  the  war  some  time  ago.  She  had  sixty  years  the  advantage  of  the 
rest  of  the  nations  in  preparing  for  this  war,  and  her  advantage  was  so 
tremendous  that  if  it  had  been  simpljr  up  to  the  German  army  to  win 
the  war,  Germany  would  have  won  the  war.     But  it  isn't. 

War  today  means  mobilization  and  utilization  of  all  the  national  re- 
sources. That  is  why  the  Allies  have  been  slowly  growing  in  strength 
They  had  greater  national  resources  in  money  and  naturally. 

In  practically  every  device  we  have  at  war.  we  see  the  scientific  basis 
\'Ve  have  the  civil  engineer,  the  mechanical  engineer  and  the  electrical 
engineer.  We  have  the  roads,  the  railroads,  the  bridges.  We  have  the 
ordnance  and  gunnery,  rifles,  artillery  pieces,  wireless  telegraphy, 
telephony,  aeroplanes,  submarines — they  are  all  applications  of  some 
science  that  j-ou  gentlemen  are  familiar  with  and  are  working  with  in 
;imes  of  peace. 

We  have  come  to  realize  more  from  reading  of  the  mistakes  that  have 
been  made  in  England  and  France  to  what  extent  the  man  at  home  can 
help,  what  part  the  man  at  home  plays  in  this  present  war.  The  man 
at  home,  who  is  making  ammunitions  or  making  anything  that  supplies 
the  army,  is  playing  just  as  important  a  part  as  the  man  who  is  up  on 
the  firing  line  fighting.  It  may  not  seem  as  important,  but  it  is.  He  is 
just  as  important  to  that  man  as  the  artillery  is  to  the  infantry.  Neither 
one  can  play  the  game  alone.  The  army  cannot  play  the  game  alone 
without  the  engineers'  mind  at  home,  supplying  them  with  the  different 
devices  that  they  have  co  fight  with. 

Just  to  give  you  an  illustration  of  the  amount  of  material  used  for  one 
mile  of  front,  I  am  going  to  try  to  quote  from  memory  what  Lieut. 
Martin,  of  the  Royal  Engineers,  said  in  a  lecture  not  so  very  long  ago 
in  England.  One  mile  of  front  takes  900  miles  of  barbed  wire;  it  requires 
6,250.000  sandbags;  it  takes,  12.000  stakes  and  12.000  small  pickets;  it 
requires  36,000  sq.  ft.  of  corrugated  iron;  it  takes  1.250,000  running  ft. 
of  lumber.  Those  are  some  of  the  big  things  only,  and  will  give  you 
an  idea  of  the  material  used  on  one  mile  of  front.  There  are  about  450 
miles  in  France  (1,000  kilometers)  and  probably  two  to  three  times 
that  on  the  eastern  front. 

War  today,  of  course,  involves  the  same  principles  that  it  always  has, 
modified  by  the  new  scientific  inventions  that  are  being  used.  The  word 
"engineer"  means  an  ingenious  individual,  and  that  is  what  the  engineer 
has  to  be.  He  has  to  cope  with  problems  that  spring  up  in  a  second. 
He  hasn't  the  material  or  the  time  to  solve  that  problem.     He   simply 
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has  to  content  himself  with  make-shifts,  and  to  solve  the  problem  in  the 
most  ingenious  way  that  he  can  with  the  resources  at  hand. 

I  might  mention  the  fact  right  here  that  the  scientific  invention  that 
has  probably  modified  modern  warfare  more  than  anything  else,  and 
made  it  what  it  is  today,  is  the  internal  combustion  motor.  First  of 
all,  we  have  it  in  the  automobile.  The  old  saying  is  that  an  army  moves 
on  its  belly;  in  other  words,  it  has  to  be  supplied.  It  is  supplied  today 
to  a  great  extent  from  the  rail-heads  by  motor  rollers.  It  is  estimated 
that  each  man  takes  about  10  lb.  per  day,  including  his  food,  clothing, 
ammunition  and  all  supplies,  so  you  can  see  the  tremendous  amount  of 
transportation  that  has  to  be  used.  Not  only  are  they  transporting 
supplies  to  the  armies  on  the  Western  Front,  but  they  also  move  troops, 
as,  for  example,  in  the  famous  move  of  the  army  from  Paris  under 
Galieni  just  before  the  Battle  of  the  Marne,  when  he  took  the  taxicab 
army  and  went  north  on  Von  Hindenburg's  right  flank.  That  is  one 
phase  of  the  internal  combustion  engine.  It  has  made  it  possible  to  move 
armies  faster  and  supply  them  faster. 

Second,  it  has  changed  warfare  through  the  aeroplane — that  has  an 
internal  combustion  engine.  The  role  of  the  cavalry  in  former  days  was 
the  eyes  and  ears  of  the  army.  To  a  great  extent  that  becomes  true 
of  the  new  branch  of  the  service,  the  aeroplane.  It  spots,  of  course,  for 
the  artillery;  gets  its  ranges,  and  watches  the  results  of  its  fire.  It  also 
observes  enemy's   movements. 

The  third  phase  of  the  internal  combustion  engine  is  in  the  submarine. 
All  those  three  devices,  the  automobile,  aeroplane  and  the  submarine, 
are  due  to  the  internal  combustion  engine,  and  the  greatest  change  in 
modern  warfare  is  due  them. 

The  prime  function  of  the  engineer  in  war  is  with  the  common  troops. 
I  might  say  the  specialists,  as  most  of  you  men  in  engineering  work  are, 
find  their  place  working  at  home.  That  place,  to  be  filled  properly,  is 
just  as  important  as  the  man  that  puts  his  shoulder  to  the  rifle  on  the 
firing  line,  and  the  army  is  appreciating  that.  They  know  that  they  can't 
fight  out  there  without  you  men  backing  them  up  here  in  this  country. 

An  engineer  for  rhe  army  has  to  be  a  sort  of  "Jack  of  all  trades."  He 
cannot  be  too  highly  specialized  in  any  one  thing;  if  he  is,  he  is  liable 
to  fail  in  something  else.  He  has  to  be  a  man  that  can  turn  his  hand 
to  most  anything,  for  the  simple  reason  that  his  problems  are  problems 
that  have  to  be  met  very  quickly.  Time  is  the  controlling  element.  Cost 
is  of  no  consideration.  The  civil  engineer  designs  and  plans  a  long  time 
before  he  begins  to  work  on  a  structure.  That  is  to  keep  down  the  first 
cost,  and  ultimately  he  will  be  repaid  for  the  time  that  he  spends  on 
planning,  because  he  has  to  keep  down  the  first  cost.  The  time  element 
to  him  doesn't  mean  so  much,  except  where  it  means  a  financial  return 
on  the  invested  money.  But  when  it  comes  to  the  military  engineer,  the 
controlling  element,  as  I  said,  is  time.  Cost  is  nf  no  consequence.  The 
fate  of  a  nation  has  very  often  been  decided  in  a  few  hours  of  battle. 
Success  in  war  costs  a  good  deal — failure  costs  more. 

It  is  estimated  that  the  cost  of  the  present  war  per  day  for  all  the 
powers  included,  the  direct  cost,  is  about  $100,000,000.  Thus,  if  you 
consider  the  economic  aspect,  it  makes  no  difference  to  the  engineer. 
He  usually  has  plenty  of  men.  He  has  little  time,  and  he  has  to  solve 
his  engineering  problem  with  the  resources  at  hand. 
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He  also  has  to  appicciatr  tlic  art  ul  war.  vvlial  il  means  to  a  rclrcating 
army  or  to  an  advancing  army,  wliether  it  can  get  over  a  bridge  or  cross 
a  stream  in  three  hours  or  one  day.  The  make-shift  bridge  that  gets 
the  army  over  in  time  is  better  tlian  the  memorial  bridge  that  doesn't; 
for  instance,  if  the  engineer  officer  had  to  get  an  army  over  a  stream 
which  meant  the  fate  of  a  battle,  which  in  turn  might  mean  the  destiny 
of  a  nation,  and  he  hesitated  for  a  moment  to  take  a  couple  of  dozen 
boats  and  make  a  pontoon  bridge  across  that  stream,  and  just  as  soon  as 
his  army  had  crossed,  sink  them  all  so  as  to  obstruct  the  passage  of 
the  river,  that  man  would  have  failed.  That  is  cheap  compared  to  the 
indemnity  a  country  may  have  to  pay  after  a  war  has  been  lost. 

As  to  the  location  of  the  engineers,  they  are  located  with  the  troops 
for  attack  and  defense  purposes,  to  lay  out  the  defenses  and  superintend 
the  work.     They  are  also  on  the  lines  of  communication. 

In  naming  the  duties  of  the  engineers  with  the  mobile  army,  first,  let 
me  give  the  organization  of  a  division.  The  division  is  our  base  unit, 
because  it  is  the  smallest  unit  that  can  tight  independently.  .\  division 
has  infantry,  cavalry,  artillery,  engineers,  signal  corps,  and  hospital  units; 
it  is  complete  in  itself.  A  division  has  nine  regiments  of  infantry,  divided 
into  three  brigades,  three  regiments  in  a  brigade.  It  has  three  regiments 
of  field-artillery.  It  may  have  a  large  siege-train  attached  to  it.  It 
has  one  regiment  of  cavalry,  one  regiment  of  engineers,  two  battalions 
of  signal  corps.  It  has  a  certain  number  of  hospital  attendants.  It  has 
field  hospitals,  usually  four,  and  four  field  ambulance  companies. 

The  regiment  of  engineers  to  follow  with  a  division  should  l)e  trained 
and  equipped  to  combat  work,  and  their  duties  are  divided  into — first, 
reconnaissance.  Whenever  a  position  is  to  be  taken  up  by  this  division, 
the  engineer  ofificers  are  sent  out  to  make  their  reconnaissance  of  the 
terrane,  to  locate  the  best  possible  position  for  tactical  success.  Alsi>. 
if  an  attack  is  to  be  made  upon  the  enemj^'s  lines,  the  engineer  officers 
and  their  assistants  ,go  out  and  make  a  reconnaissance  and  try  to  locate 
the  enemy's  position.  Another  duty  is  the  collection  of  maps  and  data 
of  the  resources  of  the  field  of  operation — the  theatre  of  war  that  they 
are  in.  Another  one  is  a  correction  of  the  maps  that  have  been  assembled. 
Of  course,  a  great  deal  of  this  is  done  in  peace  by  the  general  staflf,  but 
a  certain  amount  of  this  has  to  be  done  in  time  of  war  in  the  field,  and 
these  maps  that  are  found  may  be  incorrect,  and  they  are  corrected  by 
the  engineer  officers,  by  taking  the  maps,  going  out  into  the  locality  and 
identifying  the  terrane  from  the  map,  adding  any  new  feature  that  has 
been  placed  in  there  since  the  map  was  made,  or  correctin,g  any  fault 
of  topography. 

The  engineer  has  to  do  a  certain  amount  of  mapping  in  the  field.  The 
maps  that  exist  are  usually  on  a  small  scale.  If  a  position  is  going  to 
be  taken  up  in  a  certain  locality,  the  engineer  officers  are  usually  sent 
out  to  make  a  map  of  that  locality  on  a  larger  scale,  say,  6  or  12. in., 
perhaps,  to  a  mile.  They  have  to  make  their  own  maps  and  reproduce 
them  in  the  field.  The  engineer  officers  and  their  personnel  make  these 
maps,  consolidate  them,  and  then  make  enough  so  that  every  officer  in 
the  command  has  them — sometimes  more  than  that,  and  every  non- 
commissioned officer  may  have  to  have  a  map.  This  is  done  by  different 
methods,  blue-printing  being  one  of  the  simplest. 


344  Proceedings  of  the  Semi-Annual  Meeting 

He  also  has  to  collect  all  the  material  that  is  possible  in  the  territory 
that  may  be  of  use,  because  he  must  anticipate  the  needs  of  the  army.  He 
must  know  enough  of  the  art  of  war  to  anticipate  the  needs  for  the 
operation  of  the  army  to  which  he  is  attached.  That  means  not  only  the 
material  but  also  the  labor  that  can  be  gotten  in  the  country. 

He  is  primarily  in  charge  .of  laying  out  and  superintending  field  works. 
If  the  army  takes  up  a  position,  the  chief  of  engineers  of  the  army  is 
usually  brought  into  consultation  as  to  where  this  proposed  line  is  to 
be  put.  At  one  time  the  engineers  used  to  dig  the  trenches,  but  that 
time  has  passed.  The  competent  troops  themselves,  who  occupy  the 
trenches,  usually  lay  out  the  trenches  and  dig  them,  themselves. 

The  particular  points  that  the  engineers  have  to  lay  out  and  build 
themselves  are  supporting  points,  certain  strong-holds,  perhaps  out  in 
front  of  the  line  to  be  specially  fortified.  Engineer  troops  are  put  on 
that  work.  Then,  after  the  lines  have  gotten  into  the  condition  that  they 
are  on  the  western  front,  the  engineers  to  a  great  extent  are  sent  out 
to  repair  what  damage  is  done  during  the  day.  They  send  out  an  engineer 
battalion  or  so  to  build  up  with  sandbags,  usually  places  that  have  been 
ruined  by  shell-fire,  and,  of  course,  the  obstacles  that  are  placed  out 
in  front. 

He  also  is  used  to  make  camps;  also,  to  build  cantonments  and,  inci- 
dental to  that,  water  supply  and  works  for  disposal  of  sewage.  He  also 
has  to  keep  up  the  lines  of  transportation.  That  means  the  building  and 
repairing  of  roads,  building  and  repairing  of  railroads. 

I  understand  that  in  the  attack  on  Verdun  which  started  in  February 
of  this  year  and  lasted  for  about  six  months,  all  the  transportation  lines 
were  cut  ofif  except  one  road.  The  fact  that  this  road  was  kept  open  was 
the  only  thing  that  saved  Verdun,  and  an  army  of  engineers  on  both 
sides  of  the  road,  crushing  rock  and  repairing  that  road  while  the  motor 
rollers  were  travelling  over  it.  They  would  shut  ofif  about  a  quarter 
of  a  mile  of  the  road  on  one  side  and  send  the  heavy  steam  rollers  over 
it  along  with  the  traffic  and  throw  this  crushed  stone  into  the  holes 
underneath  and  repair  the  road  while  traffic  was  going  on  night  and  day. 

Sometimes,  ten  miles  of  road  must  be  built  over  night.  That  has  been 
done.  In  one  British  locality,  they  turned  out  ten  thousand  men  and 
built  a  road  over  night.  There  is  an  example  of  speed  accomplished  with 
plenty  of  men. 

The  railroad  proposition  is  also  a  big  one.  We  are  sending  over  nine 
regiments,  that  are  leaving  for  their  port  of  embarkation  every  day, 
and  they  are  to  rehabilitate  the  roads  in  France,  and  probably  we  will 
have  to  do  the  same  thing  in  Russia.  In  the  last  few  months,  we  have 
seen  the  English  frequently  make  a  big  drive.  They  go  along  three  or 
four  miles  forward,  and  they  are  then  held  up  right  there  until  they  can 
get  transportation  to  bring  up  the  huge  quantity  of  supplies  that  are 
needed  for  an  offensive.  When  they  can  spend  $18,000,000  just  on  shells 
in  6  hours'  firing,  you  can  imagine  what  it  means  to  transportation  to 
supply  this  huge  artillery  with  ammunitions. 

In  our  service,  the  engineers  are  not  specialists.  In  the  British  service 
and  in  other  foreign  service,  they  have  special  companies.  They  have 
telephone  companies,  aero  companies,  and  so  on  down  to  even  water 
supply  companies.     We  have  not  done  that  in  our  service,  because  we 
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feel  that  if  we  specialize,  we  can  do  so  without  limit  in  number.  A  special 
unit  may  lie  around  idle  for  a  long  time,  and  then  all  of  a  sudden  be 
swamped  with  work.  So  we  have  just  stuck  to  one  organization,  which 
is,  I  think,  quite  feasible. 

In  our  service,  the  aero  work  and  the  telegraphy,  both  telephony  and 
wireless,  is  operated  by  the  signal  corps.  All  the  other  engineering  work 
is  done  by  the  corps  of  engineers. 

I  want  to  again  emphasize  the  difference  between  the  practice  of  an 
engineer  in  civil  life  and  that  in  time  of  war.  In  civil  life,  the  engineer 
builds  for  endurance  and  for  low  cost  as  far  as  possible.  When  a  problem 
comes  up  for  an  engineer  in  war,  it  means  speed,  because  every  movement 
of  an  army  depends  upon  their  line  of  communication.  These  lines  of 
communication,  whatever  they  be,  must  be  there,  and  if  they  are  not, 
that  army  is  probably  doomed  to  a  tactical  defeat,  and  the  destiny  of  a 
nation  may  rest  upon  that  one  battle.  Thus  the  engineer  has  to  meet 
problems,  first  of  all,  with  the  time  element  controlling.  He  has  to 
decide  verj-  quickly  what  sort  of  structure  he  is  going  to  put  up,  depending 
upon  the  amount  of  time,  the  number  of  men  he  has,  and  the  local 
resources.  If  the  engineer  does  not  appreciate  the  economic  aspect  of 
war  and  makes  a  blunder,  that  man  is  criminally  negligent  of  his  duty. 

We  must  remember  the  duty  of  every  man  in  the  country  who  has  a 
scientific  education,  training  and  experience  to  help  toward  the  end  of 
winning  the  war.  You  men  who  are  beyond  the  draft  age  and  who  are 
men  who  have  the  engineering  destinies  of  the  country  in  your  hands, 
may  not  feel  that  you  are  playing  the  important  part  that  you  are.  You 
may  say  the  soldier  at  least  has  a  Jittle  glory  attached  to  the  work  he 
does,  but  the  engineer  is  shorn  of  all  that,  as  he  has  to  work  quietly  at 
home;  although  he  is  doing  just  as  important  a  piece  of  v^^ork  as  the  man 
at  the  front,  it  lacks  all  the  pomp  and  circumstances  of  war. 

The  President:  Gentlemen.  I  believe  yon  will  all  agree  with 
me  that  we  probably  missed  a  good  deal  in  not  hearing  Col.  Richie, 
l)ut  I  am  sure  that  we  would  have  missed  a  great  deal,  if  he  had 
been  here,  by  not  hearing  Capt.  Solbert.  (Applause.)  It  wouldn't 
have  been  possible  for  us  to  have  had  them  both. 

Homer  Add.\ms  :  I  move  that  we  offer  a  vote  of  thanks  and 
appreciation  for  the  fine  address  that  we  have  heard  from  Capt. 
Solbert. 

Motion  seconded  and  unanimously  carried. 

The  President  :  So  far  as  I  know,  this  Society  has  never  before 
been  recognized  either  by  our  own  government  or  any  other  gov- 
ernment, and  I  feel  that  the  official  recognition  that  we  have  in  the 
past  few  months  been  accorded  by  our  government,  the  recognition 
of  the  fact  that  we  could  be  of  service  to  the  nation  is  something 
of  which  we  all  ought  to  be  proud.  But  when  we  are  recognized  by 
a  foreign  nation,  our  cousins  to  the  North,  and  when  they  think 
we  are  of  sufficient  importance  not  only  to  send  us  an  officer,  but 
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an  officer  who  has  been  at  the  front,  who  has  won  his  laurels,  I 
feel  that  we  have  been  doubly  honored. 

Lieut.-Col.  Powers,  who  will  next  speak  to  us,  was  a  major  in 
the  militia  forces  before  the  war,  but  went  overseas  with  a  first 
contingent  in  1914  as  a  Lieutenant.  He  has  been  mentioned  several 
times  in  dispatches  for  conspicuous  work  in  gallantry  in  action,  and 
was  awarded  the  Distinguished  Service  Order  at  the  Battle  of  the 
Somme.  He  was  promoted  to  the  rank  of  Major  while  in  France. 
He  was  invalided  to  Canada  last  December,  and  is  now  commandant 
of  the  Signal  Training  Depot  in  Canada,  with  the  rank  of  Lieutenant- 
Colonel,  and  is  associated  with  the  engineering  branch  of  the  service. 
I  take  great  pleasure  in  introducing  to  you  Lieut-Col.  T.  E.  Powers. 

LiEUT.-CoL.  T.  E.  Powers  :  ,When  the  Minister  of  Militia,  an 
officer  high  up  in  our  military  orders  in  Canada,  went  down  through 
the  usual  channels  and  sent  for  me  and  told  me  that  I  would  have 
to  come  and  speak  to  you  on  my  experience  at  the  front,  I  wrote  a 
little  paper,  which  I  will  read  you  here.  After  I  am  through  with 
that,  if  anyone  has  any  Cjuestions  to  ask  about  anything  that  may 
be  of  interest  in  France,  I  will  try  to  answer  them  to  the  best  of 
my  ability.  This  is  a  brief  paper,  and  I  will  tell  incidentally  anything 
that  T  can  think  of  that  would  be  of  interest. 
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SANITATION.  HEATING  &  VENTILATION  AT 
THE  FRONT 

By  Lieut.-Col.  T.  E.  Powers,  D.S.O.,  Ottawa,  Canada 

The  great  European  war  has  caused  a  tremendous  upheaval  in  the 
regulations  governing  military  plans  and  operations.  Germany  expected 
to  traverse  Belgium  and  France,  easily  overthrowing  any  opposition  she 
might  encounter  in  the  field.  A  pre-vision  of  long  wearisome  months  in 
the  trenches  was  not  granted.  Nothing  in  the  service  regulations  of 
Great  Britain,  France  or  Germany  provided  for  a  vast  extent  of  en- 
trenched battel  line  for  any  lengthy  period.  The  repeated  thrusts  and 
counter-thrusts  of  the  autumn  of  1914  left  the  opposing  armies  face  to 
face  in  hastily  constructed  and  badly  drained  trenches,  and  the  winter 
months  brought  untold  suffering  to  the  men  of  both  armies.  The  period 
of  inactivity  that  followed  gave  time  for  improvement — and  Germany 
undoubtedly  used  this  period  to  great  advantage — but,  owing  to  the 
scarcity  of  men  and  material  and  the  nature  of  the  country  occupied, 
progress  was  slower  on  the  Allied  Front,  and  the  trenches  taken  over 
by  the  Canadian  troops  during  the  latter  part  of  the  winter,  1914-1915, 
were  far  from  ideal  and  far  from  realizing  any  of  the  standards  laid 
down  in  text  books.  Sanitation  was  of  the  most  primitive  kind;  and 
arrangements  for  comfort  in  the  British  trenches  from  Ypres  to  La 
Bassee  were  of  the  crudest.  The  British  soldiers  in  the  front  lines  used 
shelters,  into  which  very  often  both  officers  and  men  had  to  crawl. 
The  bottoms  of  these  hovels  were  covered  with  straw,  fresh  layers  being 
added  as  needed.  Ventilation  was  supplied  by  the  doorways,  and  heat 
by  punctured  biscuit  tins,  etc.,  filled  with  charcoal,  supplemented  by 
scanty  supplies  of  wood  from  the  meagre  allowance  of  the  country. 

Considerable  criticism  has  been  levelled  against  the  British  and  Cana- 
dian Engineers,  to  the  eflfect  that  they  did  not  construct  defences  and 
shelters  equal  to  those  of  the  Germans.  This  criticism  is  unjust,  as  it 
was  almost  impossible  to  do  so  for  the  following  reasons:  The  Germans 
had  chosen,  almost  without  exception,  the  ridges  for  their  stand  in 
Belgium  and  France — leaving  the  low  country  to  their  opponents.  The 
nature  of  the  ground  in  the  British  lines  was  usually  so  low-lying  that 
it  was  impossible  to  construct  deep  trenches  and  absolutely  impossible 
to  construct  deep  dug-outs  even  had  good  pumping  facilities  been  avail- 
able. The  British  forces  were  fighting  on  friendly  territory — the  Germans 
in  an  enemy  country.  They  had  to  import  timber  and  such  materials  as 
were  needed  for  the  construction  of  trenches,  while  the  Germans  were 
at  liberty  to  take  whatever  they  required.  Houses  and  churches  were 
pilfered  and  demolished  and  trees  cut  down  without  compunction  to 
supply  materials  necessary  for  shelter  and  comfort.  Our  forces  could 
not  avail  themselves  of  this,  hence  long  delays  occurred  in  securing 
necessary  supplies  for  the  construction,  revetting,  draining,  pumping 
and  comfort  of  defensive  works. 

Our  trenches,  hastily  constructed  by  the  infantry  as  needs  required, 
were  poorly  revetted  and  soon  filled  with  mud  and  water.  The  old  idea 
of  a  narrow  trench  deep  enough  to  protect  men  from  shrapnel  and 
splinters  had  yet  to  be  exploded,  and  little  attention  was  paid  to  a  system 
of  drainage.     We  soon  learned,  however,  that  the  most  important  points 
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to  consider  in  constructing  trenches  were:  First,  to  consider  the  trench 
in  the  nature  of  a  drain,  excavating  it  with  the  proper  slope,  and  then 
adding  breastworks  wherever  necessary  to  get  sufficient  head  cover; 
second,  to  make  the  bottom  wide  and  the  sides  slanting,  thus  allowing 
reliefs  to  pass  each  other  freely.  The  odd  additional  casualty  resulting 
from  a  wide  trench  was  found  to  be  nothing  when  compared  to  the 
danger  resulting  from  congestion  of  troops  in  the  trenches.  In  the 
magnificent  defence  of  \'erdun,  the  French  constructed  communication 
trenches  as  wide  as  5  ft.  at  the  bottom,  and  a  French  army  order  was 
afterward  issued  that  no  trenches  were  to  be  less  than  one  meter  wide 
at  the  bottom. 

In  order  to  appreciate  the  difficulty  of  any  scientific  application  of 
the  terms:  Sanitation,  Heating  and  Ventilation,  to  the  various  shelters 
used  by  the  troops  of  the  British  army,  let  us  imagine  that  we  are  taking 
a  Cook's  tour  in  the  summer  of  1916  from  army  headquarters  to  the 
front  line  trenches,  investigating  conditions  as  we  go  along,  with  regard 
to  these  subjects. 

We  pass  rapidly  bj^  arm}-  and  corps  headquarters.  These  are  generally 
located  in  chateaux  or  other  large,  comfortable  and  well-furnished  houses 
with  all  modern  improvements  and  well  clear  of  the  shelled  area. 
Divisional  headquarters  also,  up  to  the  beginning  of  the  great  offensive 
in  July,  1916,  were  located  usually  in  houses  well  back  in  the  shelled 
area  or  just  clear  of  it.  comfortably  built  and  Very  often  having  all 
modern  improvements.  During  times  of  action,  such  members  of  divi- 
sional headquarters  staflf  as  were  needed  moved  up  with  the  General  to 
battle  headquarters,  which  usually  were  well-built,  shell-proof  dug-outs 
from  two  to  four  miles  back  of  the  front  lines,  according  to  the  nature 
of  the  countr}'.  Brigade  headquarters,  although  well  up  toward  the 
front  and  in  the  shelled  area,  were  also  located  in  large  comfortable 
farm  houses  and  had  also  their  battle  headquarters  still  further  up,  in 
well-built  dug-outs.  These  battle  headquarters  of  divisions  and  brigades 
we  shall  first  visit. 

Any  shelter,  whether  above  or  below  ground,  if  protected  by  sand 
bags  is  called  a  dug-out.  Sometimes,  in  the  flat  countr}^  entirely  under- 
ground, and  sometimes  in  the  rear  of  low  ridges,  they  are  almost  invari- 
ably well-built  dug-outs  sheathed  throughout  and  having  air  shafts  for 
ventilation  and  from  6  to  15  ft.  of  head  cover,  if  built  by  British  engineers. 
They  are  furnished  with  rough  tables,  chairs,  and  bunks  built  by  the 
engineers.  Heat  is  generally  supplied  by  oil  stoves,  although  sometimes 
coal  stoves  are  used  and  occasionally  roughlj^  built  brick  fire  places. 
During  our  first  advance  in  the  summer  of  1915,  after  we  had  taken  over 
the  French  lines  from  La  Bassee  to  the  Somme,  divisional  and  brigade 
headquarters  were  almost  altogether  in  dug-outs  with  huts  of  canvas 
or  wood,  and  sometimes  tents  above  ground  for  use  during  periods  of 
quiet.  This  condition  existed  because  of  the  fact  that  all  houses  in  the 
area  covered  during  our  advance  were  levelled  to  the  ground  by  artillery 
fire.  The  French  dug-outs  were  usually  25  to  35  ft.  underground,  heated 
and  ventilated  by  stoves  during  cold  and  wet  weather — the  stove  pipes 
running  up  the  stairw^ay  to  the  trenches.  When  the  German  lines  were 
taken  and  dug-outs  occupied,  we  found  some  dug-outs  were  30  to  40 
ft.  underground,  sheathed  entirely  throughout  with  2  iii.  planking,-capable 
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cf  accommodating  from  500  to  1500  men.  They  had  main  passages  10 
It.  wide  and  7  to  8  ft.  high,  off  which  were  rooms  and  offices  20  to  30  ft. 
long  and  10  to  20  ft.  wide,  with  air  shafts  for  ventilation  and  fitted  up 
with  electric  lighting  and  telephone  communication.  They  were  also 
sometimes  well  furnished  with  rugs,  chairs,  mirrors,  etc.,  procured  by 
pilfering  the  houses  in  the  villages  nearest  to  their  lines.  In  these 
dug-outs  the  bursting  of  shells  was  reduced  to  a  dull  thud,  and  here 
their  battalion,  brigade  and  divisional  headquarters  could  carry  on  their 
work  in  quiet  and  security.  Passing  on  to  battalion  headquarters,  we 
find  them  placed  as  close  as  possible  to  the  front  line  trenches,  sometimes 
in  the  cellars  of  destroyed  farms  or  in  dug-outs  built  by  engineers,  and 
later  on  in  German  dug-outs  as  above  described. 

When  we  arrive  at  the  front  line  of  permanent  trenches,  we  find  the 
dug-outs  varying  from  shallow  holes  scooped  out  in  the  parapet  or 
parados,  to  well-built,  sheathed  and  ventilated  dug-outs  with  from  5  to 
15  ft.  of  head  cover.  All  natural  or  artificial  points,  such  as  banks  of 
lakes,  canals,  streams  and  sunken  roads,  railway  embankments  or  cuttings 
are  used  to  the  best  advantage  for  the  shelters  of  officers  and  reserve 
troops  in  the  immediate  vicinity  of  the  front  line. 

Passing  through  the  front  line  trenches  under  what  are  known  to  our 
"Tommies"  as  "peace  conditions,"  we  find  the  trenches  during  the  spring, 
summer  and  fall  months  comparatively  dry,  well-revetted,  with  machine- 
gun  emplacements  and  strong  points,  so  conforming  to  the  nature  of 
the  trenches  as  to  deceive  the  enemy  airmen  as  to  their  position.  This 
was  another  lesson  that  we  learned  through  the  stern  teachings  of 
necessity,  as  otherwise  these  points  would  receive  such  special  attention 
from  the  enemy's  guns  as  to  not  only  render  them  untenable  but  also  to 
utterly  destroy  them.  From  the  beginning  of  the  advance  of  July,  1916, 
we  would  find  these  front  lines  very  often  composed  of  shell  holes 
connected  up  by  narrow  communication  trenches,  or  two  or  three  rows 
of  ditches  with  no  attempt  at  parapet  or  parados,  and  with  the  very 
crudest  arrangements  for  sanitation.  To  these  lines,  main  communication 
trenches  are  pushed  out  as  rapidly  as  possible. 

We  will  now  suppose  that  we  have  visited  a  front  line,  partly  in  the 
advanced  and  partly  under  ordinary  conditions.  After  our  tedious 
journey  through  winding  communication  trenches,  sometimes  wading 
through  mud,  sometimes  crawling  over  masses  of  debris  made  by  the 
recent  attention  of  enemy  guns,  and,  after  passing  through  the  winding 
front  of  a  section  of  a  mile  or  so,  have  seen  the  various  excavations 
where  our  soldiers  sleep  and  cook,  store  their  bombs,  place  their  water 
supplies  and  attend  to  their  personal  wants,  and  are  returning  with  the 
troops  of  a  section  relieved  that  night  from  duty  in  the  front  line.  Natu- 
rally, the  latter  part  of  our  journey  has  been  made  under  the  cover  of 
darkness  and  we  move  out  somewhere  around  midnight  with  the  troops 
that  are  being  relieved.  An  apparently  unending  journey  behind  swinging 
kitis  and  tramping  feet,  brilliantly  lighted  for  a  minute  or  so  by  the 
glare  of  the  enemy's  star  shells,  then  dimly  seen  in  the  darkness  that 
follows  until  the  procession  becomes  a  nightmare,  we  finally  leave  the 
communication  trenches  and  stumble  across  shell-pitted  fields  and  roads 
until  we  reach  the  edge  of  what  is  known  as  the  "shelled  area." 
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At  this  point  we  halt  for  a  rest  before  passing  on  to  comparative 
security  and  peace  from  10  to  20  miles  clear  of  this  area.  After  the 
necessary  rest,  we  tramp  along  well-built  roads  to  some  quiet  village 
allotted  for  quarters  during  the  period  of  rest,  and  here  again  at  the 
end  of  the  day's  march  we  see  the  mud-covered,  bedraggled  soldiers — 
quartered  generally  in  barns  and  out-houses,  sometimes  in  the  open 
fields — make  their  ,rude  preparations  for  a  night's  rest.  The  following 
day,  when  at  all  possible,  they  are  marched  to  the  nearest  divisional 
baths.  Here  they  deposit  their  vermin-infested  and  soiled  underwear 
and  socks,  and  pass  into  the  most  appreciated  improvement  and  luxury 
of  modern  warfare — the  divisional  bath.  After  an  abundance  of  soap 
and  hot  water,  they  are  supplied  with  clean  underwear  and  socks  and 
march  ofif  in  great  spirits,  relieved  of  their  grime  and  vermin,  to  par- 
ticipate in  the  amusements  allowed  and  exercises  demanded  to  fit  them 
for  the  next  tour  of  duty. 

During  our  visit  we  have  passed  through  nearly  every  variety  of  shelter 
in  use  by  British  troops,  and  have  seen  that,  where  conditions  permit 
of  it,  i.  e.,  on  the  edge  or  outside  of  the  shelled  area,  the  officers  have  the 
use  of  houses  with  their  conveniences,  and  the  rank  and  file  of  the  houses 
and  barns  or  huts  built  by  the  engineers,  provided,  as  a  rule,  with  doors 
and  windows  and  during  the  winter  with  improvised  stoves  or  oil  stoves 
made  or  bought  by  the  men  themselves. 

We  see  also  that,  except  in  the  headquarter  dug-outs  of  divisions, 
brigades  and  battalions,  attempts  are  seldom  made  to  improve  upon 
such  ventilation  as  is  obtained  by  the  doorways.  No  systematic  heating 
is  tried,  and  sanitary  conditions  vary  from  the  crudest  form,  i.  e.,  a 
hole  in  the  ground,  up  to  those  of  a  modern  chateau. 

With  regard  to  sanitation  in  the  front  and  support  lines,  all  refuse 
is  buried.  Chloride  of  lime  and  creolin  are  freely  used.  Tins  for  use 
as  urinals  are  placed  at  intervals  in  trenches  and  in  latrines.  The  latrines 
are  usually  placed  midway  between  the  ends  of  communication  trenches 
and  dug  out  in  the  back  of  the  parados.  Drinking  water  is  placed  in 
rum  jars  and  gasoline  tins  along  all  trenches,  as  also  is  the  solution  for 
moistening  gas  masks.  The  water  supply  is  usually  brought  up  to  the 
front  lines  in  gasoline  tins,  two  being  carried  in  a  sack  on  a  man's  back. 
Offal  and  refuse  in  latrines  and  refuse  pits  are  covered  with  layers  of 
fresh  earth  and  chloride  of  lime.  Various  methods  of  keeping  down 
the  pest  of  rats,  mice  and  vermin  and  lessening  the  fly  nuisance  have 
been  tried,  generally  with  a  fair  measure  of  success.  Cleanliness  in 
every  respect  is  the  greatest  preventative,  and  is  one  of  the  most  important 
things  to  teach  to  aill  ranks  during  training. 

In  periods  of  great  activity,  during  warm  weather,  the  collecting  and 
burying  of  the  dead  is  a  hard  task.  And,  as  the  buried  are  dug  up  and 
scattered  about  by  shells  and  portions  are  apt  to  escape  notice,  together 
with  those  that  remain  for  periods  in  exposed  places,  very  unpleasant 
and  strong  odors  too  often  prevail.  Back  at  brigade  and  divisional 
headquarters,  latrines  are  pits  with  rough  seats  protected  by  screens 
of  trench  cloth,  sometimes  roofed.  Chloride  of  lime  and  earth  are 
generally  used  to  keep  down  the  odor.  Rest  billets  for  troops  have  the 
ordinary  provision  for  troops  in  the  field  under  peace  conditions.  For 
supplying  heat,   everything  available,  and  possible   is   used:    biscuit  and 
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gasoline  tins,  buckets^  pots,  etc.,  are  punched  with  air  holes  and  used  as 
fire  pots  for  cooking  and  comfort.  In  the  more  elaborate  dug-outs,  oil 
stoves  are  not  uncommon,  and  the  composition  of  wax  and  methylated 
spirit  known  as  "canned  heat"  is  now  an  issue  to  the  men  and  is  a  great 
boon  to  all  ranks — especially  when  on  duty  in  front  lines.  In  reserve 
billets  and  rest  billets,  field  kitchens  and  stoves  are  used,  and  cooking 
is  regimental  rather  than  individual. 

Ventilation,  where  required,  especially  in  deep  underground  dug-outs, 
is  provided  for  by  an  air  shaft  with  a  stove  beneath  it.  In  the  British 
and  French  lines,  however,  ventilation  shafts  are  conspicuous  by  their 
absence.  It  is  not  the  intention  to  convey  by  this  description,  the  idea 
that  there  is  little  or  no  employment  for  men  with  training  in  these 
trades.  On  the  contrary,  in  establishing  and  maintaining  divisional 
baths  and  laundries,  operating  and  adapting  existing  systems  in  buildings 
used  for  hospitals  and  in  obtaining  and  distributing  water  supplies,  in 
providing  scanty  arrangements  for  rest  camps  and  in  many  other  cases, 
the  available  men  known  for  this  work  are  soon  exhausted  and  occa- 
sionally calls  are  made  for  men  in  infantry  units,  with  the  necessary 
knowledge  and  training,  to  volunteer  for  these  services. 

From  this,  however,  it  is  apparent  that  there  is  little  practical  appli- 
cation of  methods  of  heating  and  ventilation  at  the  front,  and  there  is 
ample  roam  for  improvement.  An  engineer  who  goes  over  to  France 
will  have  to  realize  that  he  must  get  away  from  calculations  for  exact 
measurements,  specified  materials,  etc.,  and  must  use  his  knowledge 
practically  to  suit  the  case  in  hand  and  material  available.  As  in  nine 
cases  out  of  ten,  he  will  not  be  able  to  get  the  material  he  demands  and 
which,  perhaps,  he  considers  absolutely  necessary,  his  ingenuity  and 
resourcefulness  will  be  taxed  to  the  utmost.  There  is  no  doubt  that 
many  new  ideas  and  plans  for  dealing  with  these  difficult  problems  will 
be  introduced  by  the  American  engineers  now  going  across,  and  thej' 
will  find  that  their  suggestions  will  be  eagerly  adopted  by  their  Allies 
now  fighting  in  France  and  Belgium.  There  is  always  the  tendency  to 
fall  into  ruts,  and  we  all  hope  that  the  new  blood  being  introduced  into 
the  struggle  will  be  productive  of  great  and  radical  improvements  in  all 
lines,  particularly  that  which  is  most  interesting  to  us,  viz..  Engineering. 


F.  R.  Still:  I  move  that  a  rising  vote  of  thanks  be  extended 
to  Lieut. -Col.  Powers  for  the  courtesy  conferred  on  the  Society  by 
his  attendance  here  and  for  his  very  interesting  and  instructive 
address. 

The  President  :  We  have  had  an  unusual  privilege  in  listening 
to  this  paper  and  address.  The  Colonel  will  be  very  glad  to  answer 
any  proper  questions  which  any  of  you  may  have  to  ask. 

C.  A.  Blaney  :  I  would  like  to  ask  the  Colonel  relative  to  the 
general  health  of  the  troops  from  the  outdoor  life. 

LiEUT.-CoL.  Powers  :  It  is  wonderful.  Men  that  have  been  over 
there  for  some  length  of  time,  six  or  eight  months  or  longer,  are 
hard  as  iron  and  stand  all  sorts  of  hardships.     They  are  in  won- 
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derful  shape,  in  spite  of  the  unhmited  quantities  of  cigarettes  and 
occasional  rum. 

H.  M.  Hart  :  Have  they  obtained  any  data  as  to  the  number  of 
cases  of  tuberculosis  that  have  developed  in  the  army  at  the  front? 

LiEUT.-CoL.  Powers  :  I  am  afraid  I  don't  know,  but  I'  can  tell 
you,  that  while  We  were  training  in  England,  the  conditions  were 
so  bad  on  Salisbury  Plains  that  we  had  a  large  number  of  cases  of 
bronchitis  and  pneumonia  and  a  number  of  casualties.  But,  in 
France,  after  our  men  got  used  to  the  climate,  the  outdoor  life 
practically  eliminated  bronchitis  and  pneumonia  and  lung  trouble 
generally.  There  was  very,  very  little  sickness,  an  odd  case  of  diph- 
theria and  an  odd  case  of  German  measles  here  and  there  was  about 
the  extent  of  it.  German  measles  is  one  of  the  most  common  diseases 
over  there,  and,  of  course,  it  is  a  trifling  thing.  A  few  days  and  a 
man  is  fit  again.  There  is  a  little  typhoid,  but  the  percentage  is 
extremely  small ;  a  fraction  of  one  per  cent  would  cover  it. 

Trench  fever  is  a  thing  that  is  not  understood  very  well  yet.  I 
had  it  myself,  so  I  can  tell  you  what  it  is  like.  It  is  like  what  I 
should  think  rheumatic  fever  would  -be  like,  pains  up  and  down  the 
shin-bones  and  the  knees,  and  one  can't  walk  very  well.  One  has 
a  high  temperature,  but  really  no  distress  from  it  at  all,  that  is,  no 
intestinal  trouble  and  feeling  of  distress. 

I  was  sick  perhaps  two  weeks  before  I  finally  had  to  give  in  with 
it,  and  I  was  five  weeks  in  the  hospital  with  it,  where  my  temperature 
ran  as  high  as  105  deg.  almost  every  day.  But  during  the  day  I 
felt  quite  all  right.  I  read  and  thought  they  should  not  keep  me  in 
bed,  but  during  the  night  I  couldn't  sleep,  and  it  left  me  in  a  very 
bad  nervous  condition,  and  I  was  a  nervous  wreck  after  it.  Unfor- 
tunately, it  is  a  little  too  common,  but  is  not  serious.  Nobody  ever 
dies  from  it,  and  some  fellows  recover  from  it  a  great  deal  more 
rapidly  than  I  did.     The  isolation  hospitals  are  very,  very  small. 

The  President:  One  of  the  members  asks  how  the  German 
prisoners  feel,  whether  they  are  antagonistic  to  their  emperor  or  not. 

Lieut.-Col.  Powers  :  I  can't  tell  that,  as  I  never  conversed  with 
them.  The  regular  officers  of  the  German  army  are  usually  sullen 
when  they  come  in.  They  feel  the  disgrace,  naturally,  but  the  troops 
outside  the  regular  troops  are  delighted  to  get  in.  After  they  get 
back  of  our  lines  and  get  some  real  good  food,  they  are  perfectly 
willing  to  work  for  us,  and  we  employ  them  in  building  roads, 
repairing  bridges  and  draining  and  fixing  up  camps. 

Occasionally,  a  few  of  them  take  it  into  their  heads  that  they 
won't  work,  and  then  they  are  put  in  barbed  wire  cages.     They  live 
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in  there  in  tents  and  are  supplied  with  fairly  good  food— bread  and 
water,  but  no  luxuries.-  .As  soon  as  they  get  tired  of  that,  they  go 
back  to  work. 

Just  after  the  Battle  of  Ypres,  a  German  professor  came  across, 
and  he  gave  some  very  interesting  information  to  headquarters.  In 
the  first  place,  he  said  that  in  his  division,  the  impression  was  that 
any  German  prisoner  that  came  in  would  be  immediately  shot  by 
the  British.  He  said  that  conditions  were  so  bad  under  our  fire 
that  he  preferred  to  take  a  chance  of  being  shot  to  putting  up  with 
the  miseries  he  was  undergoing  in  the  trenches  any  longer,  so  he 
came  through  the  mist  one  morning  over  to  our  lines.  That  is  one 
case  I  remember. 

I  have  known  prisoners  to  come  in  very  hungry.  The  effect  of 
our  barrage  fire  back  of  their  lines  for  three  or  four  days  is  that 
their  food  supply  is  cut  off.  .V  great  many  of  them  talk  English,  but 
if  they  cannot  and  give  the  necessary  sign,  they  are  immediately 
given  bread  and  cheese. 

Our  men  use  them  a  little  better  than  they  are  using  our  men  in 
Germany.  Of  course,  in  England,  they  treated  the  officers  as  if  they 
were  their  best  friends  instead  of  their  worst  enemies.  As  far  as 
I  can  tell  you  from  personal  experiences,  the  Germans  are  quite 
content  to  be  taken  prisoners,  and  they  are  not  at  all  favoraljly 
impressed  with  the  way  the  war  is  going. 

H.  G.  IssERTELL :  You  spoke  of  the  dead  lying  in  exposed  places 
sometimes— don't  they  collect  the  dead  and  wounded  between  the 
lines? 

Lieut. -Col.  Powers  :  Under  peace  conditions,  where  we  have 
a  few  casualties  each  day,  the  dead  are  taken  back  and  buried  by 
clerg}^men.  During  an  attack,  the  dead  lie  where  they  fall.  If  they 
can  get  the  wounded  out,  they  are  satisfied  with  that,  and  in  a  steady 
engagement  like  the  Battle  of  the  Somme  that  began  the  first  of 
July  and  was  practically  continuous  until  it  was  stopped  by  the 
winter  rains,  bodies  will  be  found  across  the  battlefield  in  all  stages 
of  decay. 

As  we  advance,  certain  troops,  usually  the  cavalry,  are  sent  up 
to  bury  these  dead.  They  are  put  down  5  or  0  feet,  and  then  shells 
dig  them  up  again.  At  times,  when  the  shelling  is  regular,  every 
day,  we  feel  that  it  is  just  as  well  to  let  them  lie  up  on  top  of  the 
ground  as  to  bury  them.  A  battlefield  of  two  months'  standing  is 
a  pretty  gruesome  sight,  but  where  it  is  at  all  possible,  of  course,  all 
men  are  given  the  proper  burial.  They  are  sewn  up  in  a  blanket 
and  a  bottle  is  buried  with  them  with  their  number^  their,  rank  and 
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regiment  and  next  of  kin,  etc.,  and  all  the  iniormatiou  about  them. 
Their  paraphernalia  is- sent  home  and  private  correspondence  burned. 

A.  S.  Armagnac  :    There  is  never  an  armistice,  is  there? 

LiEUT.-CoL.  Powers  :  No.  The  first  Christmas  I  was  over  there, 
the  Germans  capie  across,  and  we  met  them  at  "No-Man's  Land" 
and  exchanged  cigarettes  and  a  little  bit  of  odds  and  ends,  but  the 
second  Christmas  that  was  cut  out.  We  were  forbidden  to  speak- 
to  them  at  all.  If  they  attempted  to  talk  to  us,  we  were  told  to 
shoot  them. 

The  President:  Has  each  man  a  means  of  identification  by  a 
number,  that  is,  in  preparing  their  casualty  lists,  is  there  always  an 
acctirate  record  for  those  at  home  in  casualty  cases?  How  long 
will  it  take  his  people  at  home  to  know  it? 

Lieut. -Col.  Powers:  Oh,  they  know  within  a  few  hours,  .\fter 
definite  information  is  known  at  headquarters  of  a  man's  death,  it 
is  telegraphed  to  the  war  office  in  England,  and  his  peojjle  are  tele- 
graphed at  once. 

When  a  man  enlists,  he  is  given  a  number,  and  under  that  number, 
a  complete  record  of  the  man  is  placed,  his  name  and  initials,  his 
next  of  kin,  his  will  and  everything,  and  he  is  given  an  identification 
which  he  wears  around  his  neck  and  wrists.  If  a  man  is  not  l^lown 
to  pieces  the  disc  is  taken,  and,  of  course,  they  get  the  whole  record 
in  that  way.  If  he  is  blown  to  pieces,  of  course,  he  is  put  down 
as  missing  until  some  definite  assurance  is  given  that  he  was  present 
at  the  point  where  the  shell  hit  that  blew  him  to  pieces. 

If  a  heavy  fi  or  D  in.  shell  strikes  a  small  dugout,  it  penetrates  it 
and  bursts  inside.  If  there  are  two  or  three  men  there,  there  is 
not  much  left  of  them.  These  large  shells  make  holes  15  and  20 
feet  deep,  and  if  there  happened  to  be  a  dug-out  where  that  shell 
lit,  it  is  spread  over  the  surrounding  country  and  the  men  are  blown 
to  atoms.  The  heat  is  so  intense  from  the  explosion  of  a  large  shell 
that  a  man  has  very  little  chance  of  being  recognized  after  one  of 
these  shells. 

H.  L.  Whitelaw  :  How  about  the  civilian  population  in  the 
territory  occupied  by  the  other  side? 

Lieut. -Col.  Powers  :  During  the  time  I  was  there,  any  place 
that  we  took,  the  civilian  population  would  necessarily  have  to  mo\c 
back.  Occasionally,  a  few  worked  their  way  through  the  Gerrrian 
lines.  I  have  talked  to  some  who  have  been  in  German  hands.  They 
don't  tell  very  pleasant  stories  ;  they  may  exaggerate,  but  their  stories 
are  not  very  nice. 
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If  anyone  has  read  Lord  Bryce's  report,  he  knows  that  Lord  Bryce 
entirely  disbelieves  the  stories  that  were  told  about  the  cruelties 
perpetrated  on  the  Belgians  and  French  at  the  beginning  of  the  war. 
That  is  one  reason  why  he  was  put  on  the  investigation  committee, 
and  his  report  tells  part  of  what  is  actually  true.  I  have  talked  to 
people  who  have  told  those  same  stories,  and  I  am  absolutely  con- 
vinced that  there  is  truth  in  the  stories  that  we  hear. 

I  don't  think  the  Germans  of  the  present  army  who  are  fighting 
against  us  are  the  same  stamp  of  men  as  the  original,  regular  army. 
They  were  quite  brutal.  At  present,  I  believe  that  the  Germans 
do  not  use  our  men  that  way  when  they  take  them  prisoners.  At 
first,  the  British  soldiers  were  abused  to  a  dreadful  extent  by  the 
Germans  who  had  taken  them  prisoners.  They  were  kicked,  spit 
on,  etc.;  if  they  offered  resistance,  they  were  killed.  I  don't  think 
our  troops  indulge  in  any  cruelty.  If  they  are  going  to  kill  Germans, 
they  kill  them,  but  they  don't  torture  them. 

The  President:  If  you  have  all  enjoyed  this  address  as  I  have 
and  have  been  instructed  as  I  have  been,  I  know  you  rather  hate 
to  see  it  end,  because,  of  course,  there  is  no  end  to  the  fund  of  infor- 
mation that  the  Colonel  has. 

I  just  received  a  telegram  that  may  be  of  interest  to  those  of  you 
who  know  the  author,  as  follows  : 

President  American  Society  of  Heating  and  Ventilating  Engineers, 
La  Salle  Hotel,  Chicago,  111. 

Best  wishes  for  the  success  of  the  Convention.  Occasion  is  full  of  possi- 
bilities for  personal  enthusiasm  and  Society  progress.  Many  momentous 
questions  confront  us  on  all  sides  and  as  never  before  we  are  called  upon 
for  loyalty  and  service  as  indicating  our  patriotism  and  readiness  for  service. 
Let  us  give  three  rousing  cheers  for  President  Wilson  and  our  country,  who 
so  staunchly  stand  for  the  cause  of  liberty,  justice  and  democracy. 

Fr.\nk  T.  Ch.\pman. 

The  President  :  We  will  now  pass  to  the  paper  of  this  session  : 
Ventilation  of  Barracks,  by  Mr.  W.  J.  Mauer. 

The  paper  was  presented  in  abstract  by  the  author.  It  was  dis- 
cussed by  F.  R.  Still,  F.  D.  B.  Ingalls,  L.  C.  Soule,  H.  M.  Hart. 
J.  H.  Davis,  Dr.  W.  A.  Evans,  Wm.  F.  Verner,  W.  L.  Fleisher,  A.  B. 
Martin,  H.  E.  Gerrish,  and  the  Author. 

The  President:  The  concluding  paper  of  this  session  is  that 
entitled:  Notes  on  the  Testing  of  Heating  and  Ventilating  Equip- 
ment, by  Messrs.  Kimball,  Lyle  and  Ohmes. 

The  paper  was  presented  in  brief  outline  by  President  Lyle,  as 
published  in  the  July  issue  of  the  Journal  (page  595).  It  was  dis- 
cussed by  Wm.  F.  Verner,  H.  M.  Hart  and  Dr.  E.  V.  Hill. 


356  Proceedings  of  the  Semi-Annual  Meeting 

The  President:  Before  adjournment  we  will  hear  the  paper 
by  Prof.  E.  F.  Giesecke  on  The  Friction  of  Water  in  Iron  Pipes 
and  Elbows. 

The  paper  was  presented  in  abstract  by  the  Author  as  published 
in  the  July  issue  of  the  Journal  (page  587).  It  was  discussed  by 
J.  H.  Walker, 'Wm.  F.  Verner,  W.  J.  Mauer,  Prof.  J.  D.  Hoffman, 
H.  M.  Hart,  and  the  Author. 

The  session  then  adjourned  until  the  following  afternoon,  after 
due  announcement  of  the  excursion  in  the  forenoon  to  the  Corwith 
Plant  of  the  Crane  Company. 

THIRD   SESSION THUR.SDAY   AFTERNOON,    JULY    ]!),    1!)1T 

The  President  :  Our  first  address  of  the  Session  on  Drying 
today  will  be  by  H.  C.  Gore,  chemist  in  charge  of  Fruit  and  Vege- 
table  Utilization  Laboratory  of  the  Dei:)artment  of  Agriculture,  in 
Washington.  Mr.  Gore  has  been  making  a  study  of  the  drying  and 
dehydration  of  fruits  and  vegetables  and  probably  knows  more  on 
this  subject  than  any  other  one  man — has  had  more  time  to  devote 
to  it. 

Mr.  Gore  presented  an  extended  address  on  the  subject  of  dehy- 
dration of  fruits  and  vegetables  (see  account  on  page  137).  The 
problem  was  discussed  by  Wm.  F.  Verner,  R.  L.  Gifford,  Prof. 
J.  D.  Hoffman,  Theo.  Weinshank,  F.  H.  Stevens,  Dr.  E.  V.  Flill, 
W.  L.  Fleisher,  H.  G.  Issertell,  Frank  K.  Chew,  Elmer  Perkins, 
J.  E.  Miller,  L.  C.  Soule,  J.  H.  Davis,  W.  D.  Edwards.  A.  K.  Ohmes, 
F.  D.  B.  Ingalls,  and  H  C.  Gore. 

The  President:  We  have  on  the  program  an  address  by  Mr. 
Waldron  Williams  on  Dehydration,  but  Mr.  Williams  has  been  ill 
and  confined  to  his  bed.  At  the  time  I  left  New  York  the  physicians 
said  there  wasn't  any  chance  of  his  getting  out  to  be  with  us,  and 
we  were  unable  to  get  any  one  else  from  the  same  concern  to  take 
his  place.  AVe  regret  that  very  much  because  I  believe  Mr.  WilHams' 
concern  has  done  more  work  than  any  other  commercial  concern  in 
the  East  on  this  matter.  We  will  next  have  the  paper  by  F.  R.  Still 
on  Dehydrating  Fruits  and  Vegetables. 

The  paper  was  presented  in  outline  by  the  Author,  as  published 
in  the  July  issue  of  the  Journal  (page  54T). 

The  President  :  Before  we  proceed  with  any  further  discussion 
we  will  have  the  paper  by  G.  R.  Shadwell  on  The  Preservation  of 
Food  Products  by  Drying,  presented  in  abstract. 

The  Secretary  read  an  abstract  of  the  paper  as  published  in  the 
July  issue  of  the  Journal  (page  565).  ; 
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The  President:  We  will  now  hear  the  ])aper  by  Walter  M. 
Schwartz  on  Drying  Fruits  and  Vegetables. 

The  paper  was  presented  by  the  Secretary  as  published  in  the 
July  issue  of  the  Journal  (page  565). 

The  three  papers  of  this  session  were  then  discussed  by  K.  R. 
Still,  W.  D.  Edwards,  H.  M.  Hart,  and  W.  L.  Fleisher. 

The  President:  There  is  another  paper  to  be  read,  that  by 
E.  M.  Bassler  on  Mechanical  Curing  of  Alfalfa. 

The  paper  was  presented  by  the  Secretary  as  published  in  the 
July  issue  of  the  Journal  (page  508).  It  was  discussed  by  H.  R. 
Masters,  Mr.  Worthing,  Jas.  H.  Davis,  H.  C.  Gore,  and  H.  M.  Hart. 

The  President:  The  last  paper  of  the  Drying  Session  is  Drying 
Money,  by  H.  C.  Russell. 

The  paper  was  read  in  abstract  by  C.  R.  Bradbury,  as  published 
in  the  July  issue  of  the  Journal   (page  511). 

The  President:  Before  we  close  this  Session  we  will  hear  the 
Report  of  the  Committee  on  Code  for  Testing  Low  Pressure  Heating 
Boilers. 

The  report  was  read  by  Homer  Addams,  Chairman  of  the  Com- 
mittee (see  page  77  of  this  issue). 

The  session  then  adjourned  until  the  following  morning. 

fourth   session FRIDAY   MORNING,   JULY  20,   1917 

The  President  :  We  have  scheduled  on  our  program  for  the 
District  Heating  Session,  an  address  on  The  Fuel  Problem  of  the 
United  States,  by  C.  M.  Moderwell,  a  member  of  the  Fuel  Committee 
of  the  National  Council  of  Defense.  Mr.  Moderwell  was  unable 
to  be  with  us,  but  we  are  very  fortunate  in  having  his  place  taken 
by  Dr.  F.  C.  Honnold,  who  is  the  Sec.-Treas.  of  the  Illinois  Coal 
Operators'  Association  and  of  the  Franklin  Countv  Coal  Operators' 
Association.  He  is  a  member  of  the  Coal  Production  Committee 
of  the  State  Defense  Board  of  Illinois,  and  is  one  of  seven  members 
of  the  Coal  Production  Committee  which  is  a  sub-committee  of  the 
National  Council  of  Defense. 

I  am  sure  that  this  is  a  most  important  subject,  in  which  all  heating 
and  ventilating  engineers,  as  well  as  the  public  at  large,  are  very 
much  interested.  I  am  sure  that  we  are  going  to  be  verv  much 
interested  in  what  Mr.  Honnold  may  have  to  tell  us. 

Mr.  Honnold  discussed  the  fuel  situation  in  the  United  States 
at   some   length    (see   account   of    the   address   on. page    170),      It 
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was  discussed  by  Jas.  A.  Donnelly,  B.  Gause,  H.  L.  Whitelaw,  F.  K. 
Still,  and  Dr.  Honnold. 

The  President:  The  most  important  feature  of  our  District 
Heating  Session  will  be  the  address  with  which  we  will  be  favored 
by  D.  L.  Gaskill,  Secretary  of  the  National  District  Heating  Asso- 
ciation, who  has  been  so  kind  as  to  come  here  and  pay  us  the  respects 
of  our  sister  organization. 

Mr.  Gaskill  read  his  address  as  published  on  page  178  of  this 
issue.  It  was  discussed  by  A.  K.  Ohmes,  Prof.  J.  D.  Hoffman, 
las.  A.  Donnelly.  Theo.  Weinshank.  Frank  K.  Chew,  A.  S.  Ar- 
magnac.  J.  H.  Walker,  and  the  .Author. 

The  President:  Wc  will  hear  the  paper  b\-  A.  K.  Ohmes  on 
A  Study  of  .'\ir  Measurements  and  Air  Flow. 

The  paper  was  read  in  brief  'by  the  Author,  as  ])ublished  in  the 
July  issue  of  the  Journal  (page  577).  It  was  discussed  by  F.  R. 
Still  and  Prof.  J.  R.  Allen. 

The  President  :  We  have  two  important  papers  on  ventilation 
topics  and  we  will  first  hear  that  by  Dr.  E.  V.  Hill,  entitlerl :  \'en- 
tilation  Standards  and  the  Synthetic  Air  Chart. 

Dr.  Hill  presented  an  abstract  of  his  paper  as  published  in  tlu- 
July  issue  of  the  Journal  (page  477). 

The  President:  Before  we  discuss  this  jjaper,  I  would  like  to 
read  the  conclusions  of  the  other  paper,  entitled  :  Are  Schoolrooms 
Drier  than  Deserts?  by  Geo.  T.  Palmer,  because  that  paper  treats 
one  phase  of  a  matter  that  is  covered  by  Dr.  Hill.  Mr.  Palmer 
unfortunately  is  not  here,  but  he  treats  the  subject  splendidly  and 
shows  various  instruments  for  measuring  the  heat  loss  from  the  body. 

The  concluding  paragraph  of  the  paper,  as  published  on  pages 
525-539,  was  read  by  the  President. 

The  two  papers  on  ventilation  were  then  discussed  jointly  by 
A.  K.  Ohmes,  Prof.  J.  R.  Allen,  J.  J.  Blackmore.  J.  I.  Lyle,  D.  I.. 
Gaskill,  Jas  H.  Davis,  and  Dr.  E.  V.  Hill. 

The  President:  There  are  four  more  papers  on  the  program 
and  but  one  of  the  Authors  is  present.  We  will  therefore  hear 
the  paper  on  The  Operation  of  Diaphragm  Radiator  \^alves  Ther- 
mostatically Controlled,  by  F.  A.  DeBoos.  who  is  here,  and  the 
others  will  be  read  by  title  only.  This  will  complete  the  business 
of  this  meeting. 

Mr.  DeBoos  read  extracts  from  his  paper  as  published  in  the 
.April  issue  of  the  Journal  (page  281).  It  was  discussed  by  A.  K. 
Ohmes,  J.  I.  Lyle,  and  the  Author. 
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The  paper  on  Mine  Ventilation,  by  J.  J.  Walsh,  was  next  read  by 
title  and  it  was  discussed  by  A.  K.  Ohmes  and  F.  R.  Still. 

The  paper  on  Warm  Air  Heating,  by  I.  F.  Grumbein,  was  read 
by  title  and  it  was  discussed  by  Frank  K.  Chew,  A.  K.  Ohmes,  J.  I. 
Lyle,  and  Prof.  J.  D.  Hoffman. 

The  paper  on  Use  of  Refrigeration  in  Air  Conditioning,  by  L. 
Nusbaum,  was  read  by  title  and  it  was  discussed  by  A.  K.  Ohmes. 

A.  S.  Armagnac:  The  entertainment  we  have  had  at  this  con- 
vention has  been  perhaps  as  fine  as  any  I  have  ever  seen.  I  have 
attended  conventions  for  the  last  ten  years,  and  there  certainly  has 
been  nothing  that  could  compare  with  this  program.  So  T  want  to 
offer  a  resolution  on  behalf  of  this  Society,  as  follows  : 

Whereas,  the  members  of  Illinois  Chapter  have  treated  us  most 
royally  at  this,  our  midsummer  meeting;  they  have  left  nothing 
undone  to  contribute  to  our  pleasure  and  comfort  and  have  not  only 
prepared  an  elaborate  and  most  enjoyable  program  of  entertainment, 
but  have  given  the  most  generous  personal  attention  to  see  that  the 
details  were  properly  carried  out ;  therefore,  be  it 

Resolved:  That  the  thanks  of  this  meeting  are  due  and  arc- 
hereby  heartily  extended  to  Illinois  Chapter  for  its  splendid  hospi- 
tality, and  to  J.  A.  Cutler,  Chairman,  and  the  other  members  of  the 
Chapter's  Entertainment  Committee  for  their  effective  and  tactful 
handling  of  the  entertainment  features. 

A  motfon  was  made  to  adopt  the  resolution,  which  was  seconded 

and  carried. 

The  President:  I  want  to  say  for  myself  that  this  has  been  a 
most  pleasant  meeting.  I  w^ant  to  thank  every  member  of  the  Society, 
together  with  all  our  guests,  for  having  contributed  to  the  success 
of  the  meeting.  When  war  was  declared,  many  of  the  members 
felt  that  we  should  not  hold  a  meeting.  I  was  one  of  those  thai 
felt  that  we  had  a  work  to  do,  and  that  we  should  do  it  )iozv  above  all 
times,  and  I  can  assure  you  that  the  officers  and  the  Council,  who 
took  the  responsibility  of  holding  a  meeting,  feel  thankful  for  your 
approval  as  you  have  shown  by  your  attendance  and  by  your  par- 
ticipation in  the  discussions  of  these  matters,  so  thoroughly. 

I  feel,  myself,  that  the  meeting  has  been  a  great  success.  I  want 
to  say  in  addition  to  what  our  Committee  of  Resolutions  has  pre- 
pared, that  1  know  that  in  the  last  ten  or  twelve  years  I  must  have 
attended  no  less  than  forty  or  fifty  conventions  of  various  engineering 
or  other  bodies,  and  never  have  I  seen  the  entertainment  so  thor- 
oughly carried  out  in  every  detail  and  work  so  smoothly  as  it  has 
done  on  this  occasion.  1  toel  the  Illinois  Chapter  has  set  an  example 
fhnt  will  be  very  hnrd   for  ;inv  otln-r  Chnptrr  to  carry  out. 
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H.  M.  Hart:  Before  we  adjourn  I  have  a  resolution  to  offer  in 
reference  to  the  committee  work.  The  Council  appointed  a  Com- 
mittee to  assist  the  Government  engineers  in  perfecting  the  ven- 
tilation of  battleships  and  submarines.  This  Society  will  also  prob- 
ably be  called  upon  to  appoint  further  committees,  and  as  a  member 
of  this  Council,  I  am  called  upon  to  make  suggestions  for  commit- 
teemen to  serve  on  these  committees. 

There  is  a  question  that  we  have  to  consider,  namely,  the  expense 
to  which  these  members  whom  we  appoint  are  placed,  and  I  have 
felt  it  rather  a  hardshi])  on  members  who  serve  on  these  committees 
and  are  willing  to  give  up  their  time  and  go  to  the  trouble  of  doing 
this  excellent  work  and  spend,  sometimes,  considerable  sums  of 
money  besides. 

Some  of  these  members  who  are  appointed  on  the  Committee 
are  so  situated  that  they  can  be  reimbursed  by  .their  employers  for 
these  necessary  expenses.  Others  are  not.  We  don't  want  to  feel 
handicapped,  in  appointing  these  committees,  from  a  financial  stand- 
point. We  want  to  feel  free  to  appoint  the  man  on  the  committee 
who  will  do  the  best  work.  I  think  that  it  is  only  in  justice  that 
the  Society  should  bear  the  necessary  expense  of  those  members,  and 
I  wish  to  offer  a  resolution  that  the  Council  be  authorized  to  pay  the 
necessary  expenses  of  any  members  of  this  Society  who  are  serving 
on  committees  to  assist  the  Government  in  engineering  work  during 
this  war ;  that  such  expense  accounts  shall  be  submitted  to  and 
receive  the  approval  of  the  Council  before  payment  is  made. 

This  motion  was  seconded  by  Mr.  Chew. 

Frank  K.  Chew  :  W^e  have  felt  that  the  Society  hasn't  any  more 
money  than  it  ought  to  have,  that  it  cost  about  the  dues  of  the 
members  to  run  the  Society,  or  something  more.  In  fact,  in  the 
reports  of  the  officers  a  little  while  ago.  it  showed  that  it  cost  some- 
thing like  $13  for  a  number  of  years  to  give  you  back  the  $10  of 
dues  which  you  pay  in,  and  for  that  reason  the  Council  has  been  a 
good  deal  more  of  a  watchdog  of  the  Treasury  than  the  general 
membership  has  any  idea  of,  and  the  expenditures  of  this  Society  arc 
productive  of  great  results. 

This  is  one  place  where  the  Society  can  be  proud,  and  I  believe 
if  it  is  necessary  to  go  to  extremes  in  order  to  pay  the  expenses  of 
some  of  our  members  who  have  to  travel  long  distances  (and  it 
costs  a  great  deal  of  money  to  do  committee  work)  that  it  is  no 
more  than  right.  I  hope  that  the  Society  will  vote  to  support  the 
Council  in  the  use  of  the  power  to  use  some  of  our  money  for  a 
well-merited  purpose. 
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The  President:  There  are  undoubtedly  many  members  who 
are  so  situated  that  they  can  perform  services  of  this  kind  and  take 
care  of  their  own  expenses,  and  I  am  sure  that  those  that  are  situated 
thus  will  do  just  as  hundreds  of  other  men  are  doing  in  giving  their 
services  and  paying  their  own  expenses  while  doing  so,  during  this 
time. 

But  if  we  do  not  provide  for  this  expense,  we  always  run  into  the 
proposition  that  we  cannot  take  the  best  man  for  the  work,  and 
that  we  necessarily  must  confine  ourselves  to  the  men  who  are  able 
to  do  the  work,  financially,  and  it  will  be  to  our  loss  and  our  Gov- 
ernment's loss. 

Frank  K.  Chew  :  In  some  ways  I  think  this  is  a  patriotic  matter 
and  I  think  in  voting  on  this  it  ought  to  be  by  a  rising  vote. 

The  motion  was  carried. 

F.  R.  Still  :  It  has  been  suggested  that  as  this  is  a  patriotic 
move  and  the  Treasury  has  not  sufficient  funds,  that  members  of 
the  Society  or  those  whom  they  are  associated  with  who  can  and 
would  undoubtedly  be  willing  to  be  requested  to  make  a  donation 
of  five  or  ten  dollars,  whatever  they  may  feel  like  giving  in  the 
assistance  of  the  carrying  out  of  this  program,  to  get  the  matter 
before  the  meeting  I  would  make  a  motion  to  that  effect  and  see 
what  the  opinion  of  the  Society  is  on  that. 

Frank  K.  Chew  :  I  second  this  niotion,  with  the  suggestion 
that  it  be  called  a  War  Committee  Expense  Fund. 

Jas.  H.  Davis  :  \\'ouldn't  it  be  well  to  have  our  Secretary  send 
out  a  little  notice  to  that  effect  so  that  some  of  our  members  that 
are  not  here  can  participate  in  that  ? 

The  President:  The  idea  of  Mr.  Still  is  to  get  the  sense  of  the 
meeting  as  to  whether  we  should  further  this  work  of  helping  the 
Government  and  ask  for  contributions  of  our  members  of  $5  or  $10. 
and  if  it  is  approved  then  it  will  be  up  to  the  Secretary  to  send  out 
notices  to  the  membership  that  they  have  the  opportunity  of  con- 
tributing. 

Robert  Ross  Jones:  We  haven't  got  enough  money  to  pav  for 
the  resolution  we  have  just  passed — at  least  you  claim  you  haven't 
it  in  the  treasury. 

The  President:  Wc  didn't  say  we  didn't  have  enough  in  the 
treasury;  but  if  there  is  very  much  of  expenditures,  it  might  de- 
plete it. 


362  Proceedings  of  ti,e  Semi-Annual  Meeting 

RoBT.  Ross  Jones  :     Even  if  it  would  deplete  it,  a  number  of 
members  of  the  Society  are  willing  to  give  their  mite. 
The  motion  was  carried. 

(The  meeting  adjourned  until  the  Annual  Meeting  in  New  York, 
January  22-25,  1918.) 
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ANNUAL  REPORTS   OF  THE   CHAPTERS 
1916-1917 

ILLINOIS  CHAPTER 

THE  season  of  1916  and  1917  has  been  one  of  great  interest  to 
the  members  of  the  IlHnois  Chapter.     The  first  meeting  of  the 
year  was  held  on  October  9th  at  the  Morrison  Hotel.    At  this 
meeting,  the  following  officers  were  elected  for  the  season  of  1'.)1(! 
and  19i:. 

President,  F.  W.  Powers  Board  of  Governors 
Vice-President,  E.  V.  Hill  E.  L.  Hogan 

Treasurer,  August  Kehm  G.  W.  Hubbard 

Secretary,  A.  E.  Stacey,  Jr.  J.  F.  Tuttle 

Through  the  efforts  of  Mr.  August  Kehm,  arrangements  were 
made  to  hold  the  subsequent  meetings  of  the  Chapter  at  the  Chicago 
Engineers'  Club.  This  choice  proved  very  acceptable,  and  met  with 
the  approval  of  all  the  members. 

The  second  meeting  of  the  year  was  held  November  13th.  The 
subject  of  the  evening  was  Vapor  Heating.  This  meeting  was  ad- 
dressed by  Lloyd  Howell,  one  of  the  new  members.  A  great  deal 
of  discussion  was  indulged  in  by  the  majority  of  the  members. 

On  December  11th  the  subject  of  the  meeting  was  Letting  oi 
Contracts  with  a  Compensation  for  the  Bidders.  This  meeting  was 
addressed  by  H.  W.  Nelson  of  the  Moline  Heat.  Mr.  Nelson  spent 
a  great  deal  of  time  and  thought  on  this  subject,  and  prepared  a 
form  known  as  The  Nelson  Form  of  Bidding,  which  provides  for 
compensation  to  each  bidder.  At  this  meeting  it  was  the  consensus 
of  the  members  to  send  an  invitation  to  the  parent  bodv  to  hold  the 
Summer  Meeting  of  1917  in  Chicago. 
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The  meeting  of  January  8th  was  addressed  by  J.  W.  Henderson, 
Bureau  Chief  of  Smoke  Regulation  for  the  City  of  Pittsburgh.  His 
subject  was  Smoke  Prevention. 

On  February  19th,  F.  J.  Postle,  President  of  the  Chicago  Commis- 
sion on  Ventilation,  reported  the  progress  of  the  work  by  that  Com- 
mission. H.  M.,Hart  advised  that  the  council  had  accepted  the  in- 
vitation of  the  Illinois  Chapter  to  hold  its  Semi-Annual  Meeting  in 
Chicago. 

The  March  13th  meeting  was  addressed  by  F.  J.  McCreary,  Chief 
Engineer  for  Crane  Company.  His  subject  was  Hot  Water  Heat- 
ing Under  Forced  Circulation,  as  installed  at  the  Corwith  branch 
of  the  Crane  Company. 

On  April  9th,  the  subject  of  the  meeting  was  New  Types  of  House 
Heating  Boilers.  The  meeting  was  addressed  by  representatives  of 
different  firms  who  are  developing  boilers  for  smoke  prevention. 

It  has  been  customary  to  have  the  address  of  the  last  meeting  of 
the  year  on  a  non-technical  subject.  This  meeting  was  held  at  the 
Hamilton  Club,  May  17th,  and  Dr.  J.  Preston  Bradley  lectured  on 
War  Problems  of  the  Day.  Members  with  their  wives  and  guests 
were  invited.  First,  there  was  a  dinner  dance,  and  after  the  address, 
dancing  was  resumed. 

For  the  meetings  of  the  year  there  has  been  an  average  attend- 
ance of  fifty.  This  year  a  departure  was  made  from  the  usual  cus- 
tom, in  that  there  has  been  a  permanent  guest  list  to  whom  announce- 
ments for  each  meeting  have  been  sent.  With  the  applications  now- 
being  voted  upon,  the  membership  of  the  Chapter  has  increased  to 
eighty-seven. 

The  Board  of  Governors  has  met  on  the  Wednesday  following 
the  monthly  meeting  to  discuss  the  subject  of  meeting  and  other 
business  which  might  come  before  them.  The  finances  of  the 
Chapter  are  in  a  sound  condition. 

The  arrangements  for  entertainment  at  the  Semi-Annual  Meeting 
are  under  the  direction  of  a  committee  consisting  of : 

J.  A.  Cutler — Chairman 
August  Kehm — Treasurer 
E.  J.  Claffey — Entertainment 
Ben  Nelson — Publicity 

It  is  hoped  that  the  July  Meeting  will  be  the  largest  ever  held  by 
the  Society,  and  we  believe  that  the  program  as  outlined  by  the  above 
committee  will  be  of  interest  to  all  mem.bers  who  attend. 

A.  E.  Stacey,  Jr.,  Secretary. 
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KANSAS  CITY  CHAPTER 

On  November  2oth,  1916,  seven  of  the  eight  members  of  the 
Society  located  in  Kansas  City  met  and  decided  to  petition 
the  main  body  for  a  charter  for  Kansas  City.  Accordingly, 
they  at  once  proceeded  to  canvass  for  members  and  were  en- 
abled on  December  2nd,  1916,  to  submit  an  application  to  the 
Society  signed  by  twelve  members  from  Kansas  City  and 
vicinity,  and,  along  with  this  application,  sent  in  applications 
of  fourteen  men  for  membership.  Also,  from  time  to  time,  appli- 
cations have  been  sent  in  till  at  the  present,  we  now  have  enrolled 
28  members  in  the  Kansas  City  Chapter,  and  have  sent  in  13  appli- 
cations for  membership  which  have  not  as  yet  been  acted  upon  by 
the  parent  body.  We  expect  to  enter  our  fall  meetings  with  a  mem- 
bership of  over  forty. 

Our  application  for  Charter  was  read  at  tlie  Annual  Meeting, 
New  York  City,  on  Tuesday,  January  16th.  and  a  motion  that  the 
charter  be  granted  was  passed  unanimously.  Accordingly,  upon 
January  26th,  we  met  and  elected  the  following  officers : 

President,  Herbert  ^'\^  Whitten  Board  of  Governors 
Vice-President,  B.  Natkin  Walter  E.  Gillham 

Treasurer,  E.  A.  Cline  John  H.  Kitchen 

Secretary,  F.  A.  De  Boos  R.  F.  Taylor 

Meetings  have  been  held  as  follows  : 
Jan.  26th,  1917.     Election  of  officers  and  illustrated  talk  on  Auto- 
matic Temperature  Regulation. 
Mar.  2nd,  1917.    Adoption  of  Constitution  and  By-Laws;  subject  for 

discussion — The  Recirculation  of  Washed  Air  in  Buildings. 
Apr.  12th,  1917.  Visit  to  Kansas  City  Radiator  plant ;  subject  for  dis- 
cussion— Boilers    and    Smoke    Prevention.      Discussion     pre- 
ceded by  a  moving  picture  exhibit  presented  by  the  Kewanee 
Boiler  Co.     (The  Kansas  City  Chapter  of  the  American  Insti- 
tute of  Architects  were  invited  to  attend  this  meeting  and  also 
the  lunch  which  preceded  it). 
June   8th,   1917.     Subject   for  discussion — Mechanical  Blast  Heat- 
ing Systems;  this  was  divided  into  three  parts :   Fans  and  Driv- 
ing Mechanism;  Design  of  Ducts  and  Air  Washers;  and  the 
Mechanical  Installation. 
The  custom  regularly  pursued  is  for  the  members  to  meet  at  lunch 
about  6:00  p.m.,  and  after  lunch  adjourn  to  the  rooms  of  the  City 
Club,  upstairs,  where  we  have  made  excellent  arrangements  afford- 
ing the  privacy  of  their  quarters  and  club  rooms  during  the  meeting. 
.\t  each  meeting  a  committee  is  appointed  to  arrange  the  program 


368  Annual  Reports  of  the  Chapters 

for  the  next  meeting.  Our  regular  meeting  date  is  the  first  Friday 
of  each  month,  and  although  we  have  not  been  able  to  meet  upon 
that  date  the  past  couple  of  meetings,  we  expect  to  hereafter. 

The  Chapter  is  using  its  efforts  to  have  a  law  on  heating  and  ven- 
tilation passed  by  the  Kansas  State  Legislature.  This  law  provides 
that  plans  and  specifications  for  all  public  school  buildings  must  meet 
with  the  approval  of  a  School  House  Committee,  consisting  of  the 
State  Architect,  the  Secretary  of  the  State  Board  of  Health  and  the 
State  Superintendent  of  Schools.  If  this  law  is  passed,  it  is  positive 
the  requirements,  which  will  be  adopted  by  the  above  committee, 
will  provide  for  adequate  heating  and  ventilation  systems  in  all 
school  buildings. 

The  Chapter  is  also  endeavoring  to  secure  the  appointment  of  a 
smoke  inspector,  through  the  Mayor  and  Council.  The  smoke  prob- 
lem has  not  been  an  important  one  until  recently,  as  Kansas  City 
has  heretofore  had  an  abundance  of  gas  and  oil. 

Two  members  of  our  Chapter  served  on  a  committee  to  draft  a 
boiler  code  for  the  City,  and  it  is  gratifying  to  report  that  the  code 
submitted  was  that  recommended  by  our  Society. 

Every  member  has  paid  his  local  dues,  and  in  consequence,  our 
local  Chapter  is  in  fine  financial  shape.  Our  meetings  have  averaged 
an  attendance  of  about  twenty  men,  and  the  dinner  preceding  each 
meeting  gives  just  the  right  opportunity  for  social  "get-together- 
•ness"  to  add  to  the  enjoyability  of  the  occasion  and  the  benefits  to  be 
derived  from  the  meeting  afterward.  We  feel  that  even  our  brief 
Chapter  life  has  assisted  in  promoting  the  arts  and  science  of  heating 
and  ventilation  in  this  territory,  and  it  certainly  has  established  a 
closer  and  more  harmonious  spirit  among  the  members,  who  have 
also  derived  benefit  from  the  discussion  of  engineering  subjects  at 
our  regular  meetings. 

We  have  received  several  applications  for  membership  by  parties 
residing  outside  of  Kansas  City,  and  these  have  been  sent  in  to  the 
Society.  These  applications  have  resulted  entilrely  from  the 
activities  of  the  Chapter,  and  plainly  indicated  that  in  the  Middle 
West,  many  men  interested  in  heating  and  ventilation  are  glad  to 
join  the  Society  now  that  they  find  they  have  a  connecting  link 
"nearer  home"  in  the  Kansas  City  Chapter.  Thus  the  Kansas  City 
Chapter  has  been  able  to  increase  the  growth  of  the  Society  at  large. 

Three  of  our  members,  E.  A.  Cline,  D.  B.  Foster  and  L.  A. 
Stephenson,  are  members  of  the  Officers'  Reserve  Corps  in  training 
at  Ft.  Riley,  Kansas. 

We  hope  to  be  adequately  represented  at  the  Summer  Convention 
in  July  at  Chicago.  F.  A.  DeBoos,  Secretary. 


I 
I 
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MASSACHUSETTS  CHAPTER 

The  regular  meetings  of  Massachusetts  Chapter  for  1916-17  sea- 
son were  resumed  Tuesday  evening,  Oct.  10,  1916.  All  meetings 
scheduled  were  held  at  the  City  Club,  Boston.  The  subject  for 
October  meeting  was  Automatic  Temperature  Control  and  the  Early 
History  of  Same,  by  T.  F.  AlcCoy.  At  this  meeting  nine  members 
were  present,  out  of  a  membership  of  fifteen. 

The  November  meeting  was  a  most  instructive  one,  the  subject 
being  Oil  as  Fuel,  Its  Uses,  Its  Various  Alethods  of  Application, 
Etc.,  by  William  C.  McTarnahan,  \'ice-President  and  ^Manager, 
Fess  Rotary  Oil  Burner  and  Liquid  Fuel  Company,  Providence, 
R.  I.  At  this  meeting,  there  was  also  present  C.  W.  Obert,  Secretary 
of  the  Society.  This  meeting  proved  the  largest  for  the  season,  the 
attendance  on  future  meetings  showing  a  noticeable  decrease,  al- 
though an  equal  number  of  invitations  were  sent  out  monthly. 

The  December  meeting  covered  no  special  subject,  being  devoted 
to  a  discussion  of  the  Chapter  affairs  in  general.  One  member  was 
added  to  the  local  roll  due  to  his  attendance  at  the  November  meeting. 

The  January  meeting  was  called  to  be  held  at  New  York  City, 
where  the  Annual  Meeting  was  held,  but  no  quorum  presented  itself, 
and  no  regular  meeting  was  held. 

The  February  meeting  was  addressed  by  Mr.  W'm.  G.  Snow,  the 
subject  being  Interesting  Features  of  the  Heating  and  \*entilating  of 
the  New  Technolog}-  Buildings,  and  discussions  on  modern  views 
of  \'entilation  Requirements. 

The  subject  of  the  March  meeting  was  The  Proper  Uses  of  Dif- 
ferent Insulations  for  Heated  Surfaces,  by  iMr.  G.  W.  Blakeley. 

The  call  for  the  April  meeting,  without  any  set  subject  being  an- 
nounced, resulted  in  a  quorum  being  present,  and  a  discussion  of  the 
interests  of  the  Chapter  at  this  time,  and  it  was  voted  that  "Owing 
to  conditions  at  present  existing,  regular  meetings  be  suspended, 
also  payment  of  dues." 

The  Chapter  has  a  small  balance  in  the  hands  of  the  Treasurer, 
owes  no  bills,  and  for  the  present  regular  monthly  meetings  are  sus- 
pended. With  a  membership  of  sixteen,  one  has  resigned  from  the 
Society  and  another  stated  he  would  not  be  able  to  give  any  atten- 
tion to  the  Chapter's  affairs  another  year,  so  that  the  present  mem- 
bership stands  at  fourteen. 

Chas.  Morrison,  Secretar\. 
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MICHIGAN  CHAPTER 

The  past  year  has  been  one  of  progress  for  Michigan  Chapter. 
The  year  opened  in  October  with  a  total  membership  of  71.  Three 
members  have  resigned  on  account  of  change  in  occupation  and  one 
member  has  transferred  to  the  New  York  Chapter,  making  our 
present  membership,  inckiding  those  whose  appHcations  are  now 
before  Membership  Committee  of  the  Society,  101.  Several  of  our 
members  are  now  at  Training  Camps. 

The  Semi-Annual  Meeting  held  in  Detroit  in  July,  1916,  afforded 
the  members  an  opportunity  to  hear  some  very  interesting  papers 
and  discussions  on  heating  and  ventilation,  and  stimulated  a  general 
interest  in  all  of  the  members  for  the  welfare  of  the  Chapter,  which 
interest  has  continued  throughout  the  year.  Monthly  meetings  have 
been  held  from  October  until  May  with  an  average  attendance  of 
60  per  cent  of  the  Chapter  membership.  The  meetings,  which  were 
preceded  by  a  dinner,  have  been  held  at  the  Fellowcraft  Club 
through  the  courtesy  of  Mr.  Ralph  Collamore. 

At  the  October  meeting,  Ira  M.-  Evans,  formerly  of  Evans- 
Almirall  Co.,  but  now  associated  with  Johnson-Larsen  Co.  of  De- 
troit, addressed  the  Chapter  on  Hot  Water  Heating  Systems. 

At  the  November  meeting,  Jesse  M.  McHenry.  in  charge  of  Fur- 
nace Department  of  Detroit  Stove  Works,  held  the  attention  of 
many  of  our  steam  and  hot  water  heating  members  with  a  talk  on 
Furnace  Heating,  and  incidentally  learned  that  the  majority  of  the 
members  of  the  Chapter  lived  in  liouses  heated  with  furnaces,  while 
the  members  discovered  that  Mr.  McHenry  lived  in  a  steam  heated 
apartment. 

A[  this  meeting,  the  l^ntertain.ment  Committee  provided  a  Hvely 
program  and  distributed  to  each  member  one  of  the  famous  Jas.  A. 
Donnelly  pipes. 

The  December  meeting  was  a  busy  one  for  members  making  notes 
as  they  listened  to  L.  C.  Soule,  of  Research  Department  of  the 
American  Radiator  Co.,  discuss  Direct  and  Indirect  Heating  Sys- 
tems. 

.A  joint  meeting  with  the  Detroit  Engineering  Society  was  held  in 
January  with  attendance  of  225.  This  meeting  was  in  charge  of 
.Michigan  Chapter,  and  Ralph  Collamore  made  all  feel  that  The 
Method  of  Proportioning  Direct  and  Indirect  Radiation  was  not  as 
dry  a  subject  as  generally  considered.  The  Engineers  gained  mucli 
information  from  charts  used  by  Mr.  Collamore,  and  the  meeting 
proved  so  successful  that  it  will  be  made  an  annual  affair. 

Th€  February  meting  was  devoted  to  election  of  officers  which 
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was  delayed  till  this  meeting  owing  to  the  late  start  last  year      The 
new  officers  elected  are  as  follows  : 

President,  Ralph  Collamore  Buard  of  Governors 
I/' ice-President,  J.  R.  McColl  Thurlow  E.  Coon 

Treasurer,  Harry  A.  Hamlin  E.  E.  Harris 

Secretary,  Wm.  F.  McDonald  J.  H.  Walker 

l-'oIlGwin*,''  the  election,  the  inenil)ers  adjourned  to  Hotel  Statler 
where  they  were  entertained  with  a  talk,  illustrated  by  moving 
j)ictures,  on  Byers  pipe. 

The  March  meeting  Ijrought  out  some  lively  discussions,  with  E.  E 
Harris  addressing  the  members  on  Heating  and  Ventilating  of  Ford 
Motor  Company  Factory.  The  placing  of  hot  air  supply  ducts  on 
the  roof,  with  use  of  hollow  columns  for  flues  was  first  tised  at  Ford 
L'ompany  plant,  and  has  since  been  generally  used  with  success  for 
factory  heating  throughout  the  country. 

The  April  meeting  w^as  devoted  to  Annual  Banquet,  when  a 
lively  gathering  met  to  celebrate  the  reaching  of  the  100  mark  in 
our  membership.  Messrs.  John  R.  Allen,  J.  R.  McColl,  Charles  A. 
Blaney,  Fred  R.  Still,  and  Hon.  Clyde  L  Webster  responded  to 
toasts.  As  a  beginner,  the  banquet  w^as  a  decided  'success,  members 
from  all  parts  of  the  state  attending. 

The  May  meeting  found  GO  members  of  the  Chapter  autoing  to 
Ann  Arbor,  to  attend  a  meeting  at  the  University  of  Michigan. 
Professor  J.  E.  Emswiler  explained  his  Method  of  Testing  Radiators 
by  Electricity,  and  Prof.  John  R.  Allen  discussed  the  Transmission 
of  Heat  Through  Fan  Heating  Coils,  and  showed  several  lantern 
slides  of  the  method  employed  in  testing.  After  the  meeting,  mem- 
bers were  shown  through  "shops'"  and  Naval  Department  of  the 
I'niversity.  On  the  way  back  a  stop  w^as  made  for  fish  and 
chicken  dinner.  This  meeting  w^as  one  of  the  mos*;  enjoyable  of  the 
year  and  a  fitting  climax  to  a  program  which  has  held  interest  of  all 
members  since  October. 

While  at  Ann  Arbor,  Prof.  John  R.  Allen  announced  his  resigna- 
tion from  the  engineering  stafif  of  the  University  of  Michigan,  and 
his  acceptance  of  the  Deanship  of  the  Engineering  Department  of 
the  University  of  Minnesota.  If  Minnesota  will  appreciate  their 
gain  as  much  as  we  feel  our  loss,  we  will  be  partly  consoled.  Prof: 
Allen  has  given  much  of  his  time  and  energy  to  the  Society.  As 
Father  of  the  Michigan  Chapter  he  has  always  had  a  kindly  interest 
in  it  and  has  journeyed  from  Ann  Arbor  faithfully  to  attend  our 
meetings,  being  always  ready  to  lead  the  discussion  and  give  any 
information  requested  by  the  members.     He  is  leaving  the  Michigan 
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Chapter  a  very  healthy  family,  each  member  of  which  is  a  booster 
for  "John  R."  A  new  Chapter  of  the  Society  in  Minnesota  will  be 
the  natural  outcome  of  Prof.  Allen's  change  of  address,  and  "watch 
it  grow." 

At  all  of  the  monthly  meetings  the  reports  of  the  Council  were 
read  to  the  members,  which  made  all  feel  that  they  were  in  closer 
touch  with  the  ofificers  and  Society. 

The  Chapter's  financial  condition  is  good,  and  prospects  for  con- 
tinued growth  are  evident  from  the  many  names  on  the  list  of 
prospective  members. 

A  Committee,  of  whicli  J.  R.  McColl  is  Chairman,  is  working  on 
the  program  for  the  coming  year.  The  sentiment  prevailing  in  the 
Chapter  is  very  good. 

William  F.  McDonald,  Sccrctar\. 


NEW  YORK  CHAPTER 

The  season  of  1916-17,  has  been  unusually  successful,  both  tech- 
nically and  socially.  The  conduct  of  the  regular  monthly  meetings, 
which  are  held  on  the  third  Monday  of  each  month,  has  followed 
lines  initiated  in  the  Chapter  in  the  spring  of  1916,  of  placing  the 
meeting  in  the  charge  of  a  special  Committee,  the  membership  of  the 
Chapter  being  divided  into  six  committees,  for  this  purpose.  In  all 
cases,  the  meetings  have  been  preceded  by  a  dinner,  which  has  done 
much  to  develop  the  social  feature  of  the  organization. 

The  October  meeting,  which  opened  the  work  for  the  season,  was 
a  "get-together"  meeting,  preceded  by  the  usual  dinner,  and  enter- 
tainment was  furnished  in  the  form  of  an  interesting  stereopticon 
lecture  by  Frank  K.  Chew,  on  Spots  of  Revolutionary  History. 
Mr.  Chew,  who  has  been  a  faithful  student  of  the  early  history  of 
this  portion  of  the  country,  showed  views  of  many  interesting  land- 
marks taken  by  his  own  camera,  and  the  interest  of  the  meeting 
was  held  unabated  throughout. 

The  November  meeting  of  the  Chapter,  which  was  the  first  tech- 
nical meeting  of  the  season,  was  in  charge  of  a  committee  of  eleven, 
of  which  A.  M.  Feldman  was  the  chairman.  After  the  usual  dinner, 
Mr.  Feldman  gave  an  interesting  account  of  the  development  of  the 
steam  loop,  and  the  first  return  trap,  invented  by  the  late  James  H. 
Blessing,  Albany,  N.  Y.  The  meeting  was  then  addressed  by  Chas. 
A.  Ball,  on  a  new  type  of  vacuum  heating  system,  which  is  described 
as  a  one-pipe  down-feed  vacuum  heating  system,  eliminating  traps, 
return  valves  and  air  valves  on  individual  radiators.  Mr.  Ball  illus- 
trated the  equipment  with  stereopticon  views. 
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The  December  meeting,  which  was  in  charge  of  a  committee  of 
eleven,  with  Homer  Addams  as  chairman,  was  devoted  to  the  ques- 
tion of  possible  definite  action  by  the  Society,  relative  to  a  standard 
heating  boiler  testing  code.  In  view  of  the  action  that  had  been 
taken  by  the  American  Society  of  Mechanical  Engineers  in  under- 
taking the  formation  of  such  code  for  heating  boilers,  an  effort  was 
made  to  secure  prominent  representatives  of  the  Society  who  could 
discuss  this  subject  in  view  of  the  present  requirements  of  the 
industry.  At  Mr.  Addams'  invitation,  a  number  of  speakers  were 
present,  consisting  of  Andre  Mertzanoft',  chief  engineer  of  the  Insti- 
tute of  Thermal  Research  of  the  American  Radiator  Co.,  at  Buffalo, 
N.  Y. ;  Prof.  John  R.  Allen  of  the  University  of  Michigan  and  presi- 
dent of  Michigan  Chapter;  E.  E.  jNIcNair  of  the  U.  S.  Radiator 
Corporation,  Detroit,  Mich.,  and  P.  H.  Seward  of  the  Richmond 
Radiator  Co.,  New  York.  In  addition,  Roy  E.  Lynd  of  the  Richard- 
son &  Boynton  Co.,  Dover,  N.  J.,  sent  in  a  written  discussion  of  the 
subject,  which  was  presented.  The  result  was  a  very  thorough  dis- 
cussion of  this  very  interesting  subject  and  considerable  light  was 
thrown  on  the  factors  which  affect  the  problem  at  the  present  time. 
Finally,  a  committee  of  the  Chapter  was  appointed,  consisting  of 
Homer  Addams,  P.  H.  Seward  and  Walter  S.  Timmis  to  prepare  a 
report  on  the  question  for  presentation  to  the  Annual  Meeting  of  the 
Society  to  be  held  in  January. 

The  meeting  of  the  Chapter  for  January  was  merged  with  the 
Annual  Meeting  of  the  Society,  held  January  16-18.  In  accordance 
with  the  established  custom  of  the  Chapter  at  the  Annual  Meeting 
period,  an  entertainment  committee  was  appointed  to  handle  the 
various  features  of  entertainment  afforded  the  visiting  members. 
The  members  of  this  entertainment  committee  were  as  follows : 
A.  S.  Armagnac,  chairman;  R.  W.  Pryor,  Jr.  (dinner),  P.  S. 
Seward  (finance),  William  H.  Driscoll  (ladies),  George  D.  Farn- 
ham  (program),  W.  H.  McKiever,  George  W.  Martin,  Walter  S. 
Timmis,  A.  E.  Carpenter,  Jr.,  G.  A.  Dornheim,  E.  F.  Glore,  W.  G. 
LeCompte,  H.  G.  Issertell  and  B.  K.  Strader. 

The  meeting  for  February  was  in  charge  of  J.  Irvine  Lyle,  who 
was  fortunate  in  securing  two  speakers  of  note  on  questions  of 
ventilation,  George  T.  Palmer,  chief  of  investigation  staff  of  the  New- 
York  State  Commission  on  Ventilation,  and  Dr.  Milton  W.  Franklin. 
Mr.  Palmer  spoke  on  The  Deheating  Factors  of  the  Atmosphere  and 
their  Measurement,  and  his  remarks  were  received  with  a  great  deal 
of  interest.  He  analyzed  in  a  most  interesting  manner  the  features 
that  are  concerned  with  bodily  comfort,  and  he  spoke  in  general  of 
the  efforts  that  have  been  made  by  the  New  York  State  Commission 
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to  determine  these  facts  quantitatively.     Dr.  Franklin  spoke  on  the 
Physiology  of  Respiration. 

For  the  meeting  in  March,  that  was  in  charge  of  a  committee  of 
which  D.  D.  Kimball  was  chairman,  a  treat  was  offered  in  the  form 
of  an  address  by  Lieut.  E.  D.  McWhorter,  U.S.N.,  who  spoke  on  the 
practical  and  vital  problems  encountered  in  the  ventilation  of  sub- 
marines, and  ho^v'  the  Navy  Department  is  meeting  them.  This  ad- 
dress was  of  special  interest  to  the  members  in  view  of  the  excursion 
participated  in  by  the  Chapter  in  November,  to  the  submarine  base 
at  New  London,  where  submarine  vessels  were  inspected  and  wit- 
nessed in  operation.  Lieut.  McWhorter  outlined  the  problems  that 
are  encountered  in  the  ventilation  of  the  submarine  craft  and  stated 
what  progress  had  been  made  in  both  the  United  States  and  foreign 
navies  to  overcome  them.  Lieut.  McWhorter  answered  a  multitude 
of  questions  that  were  asked  after  his  talk,  and  unusual  interest  and 
enthusiasm  were  displayed  by  the  members  present.  This  was  the 
largest  meeting  of  the  season. 

The  April  meeting,  which  was  in  charge  of  a  committee  of  which 
Dr.  Milton  W.  Franklin  was  chairman,  was  similarly  devoted  to  a 
naval  topic,  Naval  Constructor  George  H.  Rock,  U.S.N.,  having 
been  secured  to  address  the  meeting  on  the  subject  of  Ventilation 
of  Battleships.  At  this  meeting  also,  unusual  interest  was  displayed 
in  the  subject,  and  many  questions  were  asked  of  the  speaker.  Con- 
structor Rock  gave  a  comprehensive  review  of  the  problems  that 
have  been  encountered  in  the  heating  and  ventilating  of  battleships 
and  referred  to  the  change  from  steam  radiators  to  indirect  systems. 
He  stated  that  the  application  of  ventilation  to  battleships  is  a  de- 
velopment of  the  past  few  years,  not  only  for  United  States  Navy. 
but  for  foreign  navies. 

After  the  address,  the  following  resolution  was  passed  by  the  meet- 
ing and  ordered  to  be  sent  to  the  Council  of  the  Society  : 

Whereas:  Since  the  last  meeting  of  the  Board  of  Governors,  a 
state  of  war  exists  in  this  country,  and  we  desire  to  offer  our  services 
to  the  Government,  be  it  therefore. 

Resolved :  That  the  New  York  Chapter  pledges  its  hearty  support 
to  the  Society  in  any  action  it  may  see  fit  to  take  at  this  time  in  co- 
operating and  offering  its  services  to  the  U.  S.  Government. 

The  New  York  Chapter  also  respectfully  recommends  that  the 
Council  of  our  Society  give  careful  consideration  to  this  matter  and 
offer  the  services  of  The  American  Society  of  Heating  and  Ven- 
tilating Engineers  to  our  Government  as  soon  as  possible. 

Respectfully  submitted, 
C.  IV.  Obert,  Asst.  Secy.  Arthur  Ritter,  President 
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At  the  April  meeting,  announcemerit  was  made  of  the  election  of 
new  officers  of  the  Chapter,  as  the  result  of  the  ballot  \vhich  had 
been  sent  out  to  the  members  following  the  March  Meeting.  The 
new  officers  were  announced  as  follow^  : 


President,  Frank  K.  Chew  '  Board  of  Governors 
Vice-President,  C.  E.  Pearce  H.  G.  Issertell 

Treasurer,  Wm.  J.  Olvany  Arthur  Ritter 

Secretary,  C.  W.  Obert  P.  H.  Seward 

The  May  meeting,  which  was  the  annual  meeting  of  the  Chapter, 
was  held  under  the  auspices  of  a  committee  with  George  W.  Martin 
as  chairman.  While  the  Annual  Meeting  is  nsually  given  over  to  a 
banquet  or  some  other  form  of  entertainment,  a  serious  construction 
was  placed  on  the  Chapter's  opportunity  this  year  by  conducting  this 
as  a  military  meeting.  Following  the  dinner  with  a  special  menu  and 
music  in  honor  of  the  annual  event,  Capt.  Weston  E.  Fuller  of  the 
New  York  National  Guard,  spoke  on  the  plans  for  the  arrangement 
and  equipment  of  military  camps,  such  as  Camp  Whitman  in  New 
York  State.  He  referred  to  the  32  camps  similar  to  Camp  Whitman, 
which  are  to  be  located  in  different  parts  of  the  country,  and  dis- 
cussed the  problems  of  heating,  ventilation,  water  supply  and  drain- 
age that  are  involved.  He  showed  plans  of  the  lay-out  at  Camp 
Whitman  and  discussed  the  sanitary  equipment  that  has  been  in- 
stalled there.  The  meeting  was  also  favored  by  an  interesting 
address  by  Past-President  R.  P.  Bolton,  on  Revolutionary  Relics  on 
Manhattan  Island,  a  subject  in  which  Mr.  Bolton  is  interested  and 
particularly  well  versed.  His  talk  was  illustrated  by  lantern  slides 
and  he  showed  many  mementos  and  relics  of  the  cantonments  that 
were  occupied  by  the  British  soldiers  during  the  revolutionary 
period,  as  revealed  by  numerous  excavations  that  have  been  recently 
carried  out  under  Mr.  Bolton's  direction.  Music  was  furnished  by 
Logan's  orchestra  and  patriotic  songs  were  sung. 

This  meeting  was  honored  by  the  presence  of  President  Byron  T. 
Gifford  and  Secretary  D.  L.  Gaskill  of  the  National  District  Heating 
Association,  who  were  in  the  city  to  confer  with  the  officers  of  the 
Society  on  the  question  of  closer  co-operation  between  the  two  or- 
ganizations. Remarks  of  welcome  to  the  visiting  officers  were  ten- 
dered by  President  J.  Irvine  Lyle,  and  fitting  replies  were  made  ^by 
Messrs.  GilTord  and  Gaskill.  In  addition  to  a  discussion  of  co- 
operative measures  that  are  under-  consideration.  Secretary  Gaskill 
referred  to  the  part  that  the  W^est  is  prepared  to  play  in  the  war ; 
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he  declared  very  emphatically  that  when  called  upon  the  West  will 
not  be  found  wanting. 

All  the  seven  meetings  of  the  Chapter  were  held  at  the  Club  rooms 
of  the  Building  Trades  Employers'  Association,  which,  through  the 
courtesy  of  members  of  the  club  who  are  members  of  the  Chapter, 
have  been  placed  at  our  disposal. 

The  membership  of  the  Chapter  is  86.  The  finances  of  the  Chap- 
ter are  in  satisfactory  condition  and  there  is  a  fair  balance  in  the 
treasury.  A  revised  edition  of  the  Year  Book  has  just  been  issued 
which  consists  of  a  revision  of  the  1915  year  book  and  lists  added 
in  the  back  of  new  members  and  of  changes  of  address. 

F.  K.  Davis,  Secretary 

C.  W.  Obert,  Asst.  Secretary. 


OHIO  CHAPTER 

The  meetings  of  the  Ohio  Chapter  have  been  fairly  well  attended 
since  the  first  of  the  year,  our  regular  meetings  being  held  the 
second  Friday  of  each  month  in  the  Cleveland  Engineers"  Society 
room,  Chamber  of  Commerce.  We  have  also  had  informal  noon-day 
luncheons  which  the  members  seem  to  enjoy. 

We  are  now  progressing  nicely  with  papers  and  discussions  which 
are  very  valuable  to  our  Chapter.  F.  G.  Phegley  read  a  paper  on 
Vacuum  vs.  Forced  Hot  Water  Circulation  as  applied  to  factory 
heating. 

Mr.  E.  A.  Stark  presented  a  very  interesting  paper  on  Stack 
Drafts. 

At  the  meeting  for  June  8th,  we  discussed  the  City  Code  on  Heat- 
ing and  Ventilating.  This  is  an  important  subject  as  our  city  code 
afifects  most  all  of  our  operations  in  one  way  or  another.  We  have 
had  a  Committee  of  five  working  on  data  so  that  we  can  possibly 
be  of  some  assistance  to  the  city. 

We  have  had  one  honor  bestowed  upon  our  Chapter  by  our  worthy 
president,  Charles  W.  M.  Clark,  who  was  called  out  with  the  Ohio 
Naval  Reserves.  Mr,  Clark  is  now  on  duty  on  the  Battleship  Ver- 
mont.    R.  S.  Mayer,  Vice-President,  is  now  filling  the  chair. 

It  has  been  decided  by  our  Chapter  to  continue  our  regular  meet- 
ings during  the  summer. 

William  M.  Kingsbury,  Secretary. 
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EASTERN  PENNSYLVANIA  CHAPTER 

[he  third  regular  meeting  of  the  Eastern  Pennsylvania  Chapter 
was  held  at  the  Engineers'  Club  on  Oct.  12,  1916,  at  which  W.  H. 
Driscoll,  of  New  York  Chapter,  presented  a  very  interesting  paper 
illustrated  by  numerous  slides,  entitled  Heating  the  Skyscraper.  This 
subject  proved  to  be  very  interesting  and  instructive  by  the  discus- 
sion that  it  brought  forth. 

The  fourth  regular  meeting  was  held  at  the  Engineers'  Club  on 
Nov.  9,  1916,  at  which  our  Chapter  had  the  pleasure  of  having  the 
Secretary  of  the  Society  as  a  guest.  The  speaker  on  this  occasion 
was  Dr.  Roach  of  the  Public  School  Board,  who  addressed  the 
Chapter  on  Open  Window  Schools  in  Philadelphia,  illustrated  by 
slides  and  motion  pictures.  Dr.  Roach's  address  was  in  the  nature 
of  an  appeal  to  the  heating  engineer  for  a  lower  temperature 
standard. 

The  fifth  regular  meeting  of  the  Chapter  was  held  at  the  En- 
gineers' Club,  Dec.  14th,  1916.  This  meeting  was  augmented  by  a 
smoker,  the  Chapter  furnishing  the  members  and  guests  each  with  a 
tobacco  pouch  filled  with  tobacco  and  carrying  the  insignia  as  appears 
on  our  stationery,  and  one  of  the  Donnelly  pipes,  which  were  pre- 
sented to  the  Chapter  by  Jas.  A.  Donnelly.  Stewart  A.  Jellett,  Past 
President  of  the  Society,  addressed  the  meeting  on  the  subject  of 
The  Duty  of  the  Engineer  to  His  Client  and  Himself.  Mr.  Jellett 
stated  that  he  presented  this  paper  with  the  idea  of  bringing  forth 
discussion,  and  we  all  felt  that  he  was  not  disappointed,  for  his 
very  able  paper  most  certainly  induced  the  desired  result. 

The  sixth  regular  meeting  of  the  Chapter  was  held  at  the  En- 
gineers' Club,  Jany.  11,  1917.  This  meeting  was  given  over  entirely 
to  the  discussion  of  the  Annual  Meeting  of  the  Society,  to  be  held 
the  following  week  at  New  York ;  more  especially  the  topic  of 
presenting  an  amendment  to  the  Constitution  and  By-Laws  of  the 
Society,  to  permit  the  representation  of  each  Chapter  in  the  member- 
ship of  the  Council  of  the  Society. 

The  seventh  regular  meeting  was  held  at  the  Engineers'  Club. 
Feb.  8,  1917.    The  nominations  for  the  elective  officers  of  the  Chap- 
ter were  presented  as  follows  : 
President,  E.  T.  Murphy  and  G.  W.  Barr 
Vice-President,  J.  T.  J.  Mellon  and  A.  C.  Edgar 
Treasurer,  H.  P.  Gant  and  A.  S.  Mappett 
Secretary,  George  Boon  and  H.  A.  Terrell 

Board  of  Governors,  J.  D.  Cassell,  E.  S.  Berry,  W.  G.  R.  Braemer, 
W.  W.  Rice,  G.  W.  Barr,  and  W.  J.  Robinson. 
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Chas-  V.  Haynes  was  the  speaker  of  the  evening  and  presented 
a  very  able  paper  on  Modulated  and  Vapor  Heating  Systems,  which 
was  discussed  at  great  length  by  guests  and  members  alike. 

The  eighth  regular  or  Annual  Meeting  was  held  at  Kugler's  Res- 
taurant, March  8th,  1917.  This  meeting  being  the  anniversary  of 
the  Chapter's  Formation  Banquet,  was  held  in  the  same  place  as 
that  memorable  affair.  The  reports  of  the  Treasurer,  Secretary  and 
Chairman  of  the  various  committees  were  read.  The  election  of 
officers  was  held,  and  the  result  of  that  election  was  as  follows : 

President,  G.  W.  Barr  Board  of  Governors 
Vice-President,  J.  T.  J.  Mellon  J.  D.  Cassell 

Treasurer,  H.  P.  Gant  W.  G.  R.  Braemer 

Secretary,  George  Boon  E.  S.  Berry 

Mr.  David  Knickerbacker  Boyd,  F.  A.  I.  A.,  the  speaker  of  the 
evening,  then  addressed  the  Chapter  on  Co-operation  of  the  Heating 
and  Ventilating  Engineers  with  the  Architects  in  the  Design  of  Heal- 
ing and  Ventilating  Plants.  The  installation  of  new  officers  then 
followed. 

A  joint  meeting  of  our  Chapter  with  the  Philadelphia  Section 
of  the  A.  S.  M.  E.  was  held  at  the  Engineers"  Club,  March  27th. 
1917.  Walter  J.  Kline,  of  the  American  District  Steam  Co.,  pre- 
sented a  paper  entitled  District  Steam  Heating  Systems. 

The  Committees  as  appointed  for  the  year  1917-18  are  as  follows : 
Membership :    E.  T.  Murphy,  Chairman,  Robt.  C.  Morgan,  William 

■     Rice,  E.  K.  Webster,  H.  A.  Terrell 
Meetings:    J.  D.  Cassell,  Chairman,  A.  P.  Goldsmith,  G.  A.  Houpt, 

W.  H.  Timm,  I.  F.  Grumbein. 
Publicity:    A.  C.  Edgar,  Chairman,  M.  P.  O'Connel,  C.  G.  Reeves, 

M.  F.  Gilbert,  William  Wilcox. 
Legislation:   S.  A.  Jellett,  Chairman,  Lee  Nusbaum,  H.  L.  Roberts, 

W.  G.  R.  Braemer. 
Auditing:   R.  C.  Bolsinger,  Chairman,  S.  A.  Jellett,  A.  S.  Mappett. 
Weather  Bureau :    ,W.  G.  R.  Braemer,  Chairman,  E.  T.  Murphy, 

H.  P.  Gant. 

The  ninth  regular  meeting  of  the  Chapter  was  held  at  the  En- 
gineers' Club,  April  12th,  1917.  I.  F.  Grumbein  presented  a  paper 
on  Warm  Air  Heating. 

The  tenth  regular  meeting  of  the  Chapter  was  held  at  the  En- 
gineers' Club,  May  10th,  1917.  Stanley  E.  Plewes  presented  a  paper, 
accompanied  by  a  model  demonstration  on  Temperature  Regulation. 
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The  following  resolutions  were  passed  at  this  meeting : 

Resolved :  That  the  Eastern  Pennsylvania  Chapter  of  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers,  extend  to  the 
United  States  Government,  through  the  Departments  of  War  and  the 
Navy,  the  offer  of  co-operation  in  any  way  that  these  departments 
may  suggest. 

These  were  sent  to  the  Secretaries  of  the  Navy  and  War,  from 
whom  the  Chapter  received  appropriate  replies. 

The  Chapter  also  passed  another  resolution  as  follows : 

Resolved :  That  our  Chapter  automatically  elect  those  members,  in 
good  standing,  of  the  other  Chapters  of  the  Society,  upon  their  re- 
moval from  the  vicinity  of  that  Chapter's  activity,  into  ours.  It  is 
also  agreed  that  the  Chapter  dues  should  not  be  collected  from  such 
members  until  the  end  of  the  fiscal  year  in  which  such  transfer  takes 
place. 

A  copy  of  this  resolution  was  forwarded  to  the  several  Chapters, 
and  replies  were  received  from  the  Michigan,  Kansas  City  and  Mas- 
sachusetts Chapters. 

Through  the  instrumentality  of  our  Chapter,  President  Lyle  con- 
sented to  speak  to  the  Baltimore  Club  of  Printing  House  Craftsmen 
on  the  topic  of  Printing  House  A'entilation,  at  a  dinner  held  by  that 
Club,  at  Baltimore,  June  loth,  1917. 

We   are   financially   safe   and   growing   steadily. 

George  Boon,  Secretary. 
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No.  448 

EFFECT  OF  AIR  CONDITIONING  UPON  MUNITIONS 
MANUFACTURE 

Bv  J.  Irvine  Lvle,  New  York,  N.  Y. 

PRESIDENTIAL  ADDRESS 

DOUBTLESS  everyone  knows  something  of  the  time  fuse 
used  for  shrapnel  shells.  The  loading  of  these  fuses  is  a 
very  interesting  process,  as  the  timing  of  a  fuse  must  be 
done  most  accurately.  As  the  accuracy  of  timing  is  absolutely  de- 
pendent upon  the  atmospheric  conditions,  I  think  it  will  not  be  out 
of  place  to  describe  this  process,  and  for  the  further  reason  that 
the  providing  of  the  proper  conditions  is  one  of  the  duties  that  has 
been  imposed  by  the  war  upon  our  profession. 

The  pow^der  used  in  these  fuses  is  very  hygroscopic,  and  not  only 
must  the  blending  be  done  with  great  precision,  but  the  atmosphere 
to  which  the  powder  is  exposed,  the  drying  of  the  powder  and 
conditioning  it  previous  to  loading  the  fuses  is  of  the  greatest 
importance  in  procuring  accuracy  of  tiring.  The  freedom  from  ex- 
plosions and  flashes  in  the  loading  room  is  dependent  upon  the 
atmospheric  conditions,  as  the  humidity  must  be  sufficiently  high 
to  prevent  static  electricity.  A  most  important  requirement  is  to 
maintain  a  temperature  and  humidity  that  will  prevent  perspira- 
tion on  the  hands  of  the  operators,  for  the  reason  that  the  least 
moisture  left  by  the  hand  on  the  dies  w^ill  cause  the  powder  to  adhere 
to  it  and  when  put  into  the  press  is  almost  sure  to  flash,  and  if  of 
any  size  is  very  liable  to  cause  a  fire  or  explosion. 

Dust,  especially  the  floating  powder,  must  be  eliminated  and  pre- 
vented from  accumulating  on  any  part  of  the  equipment  of  the  plant. 
Every  precaution  must  be  taken  to  prevent  flashes,  and  also  the 
transmission  of  fire  from  one  room  to  another.  The  rooms  them- 
selves are  made  so  that  they  may  be  kept  scrupulously  clean,  direct 
radiation  or  other  piping  or  obstruction  that  would  be  hard  to  cleUn 
being  eliminated. 


Presented   at   the   Semi-Annual   Meeting  of  The   American    Society   of   Heating   and 
Ventilating   Engineers,   Chicago,   III.,   July,    1917. 
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When  it  is  considered  that  a  fuse  must  be  capable  of  being  set 
to  fire  within  16  ft.  of  the  muzzle  of  the  gun,  with  a  muzzle 
velocity  of  1700  ft.  per  second,  and  still  must  not  explode  within  the 
gun,  the  delicacy  of  the  operation  may  be  appreciated.  One  fuse 
out  of  twenty  set  to  function  at  20  seconds  that  varies  more  than 
hve-tenths  of  a  second,  will  cause  the  rejection  of  the  whole  lot 
of  two  thousand.  • 


FIG.    1. 


DIAGRAM   SHOWING  ACCURACY   OF    FIRING   OF   SHRAPNEL   SHELLS 
IN  TESTS  MADE  AT  RUSSIAN   PROVING  GROUNDS 


At  the  Russian  proving  ground  at  Lakehurst,  30  shells  were 
tested  for  a  distance  of  3.31  miles.  The  powder  used  in  twelve  of 
these  fuses  was  subjected  to  a  relative  humidity  of  approximately 
20  per  cent  above  that  to  which  the  other  eighteen  were  subjected. 
The  average  firing  time  of  the  twelve  was  0.35  seconds  longer  than 
the  average  of  the  eighteen. 

There  have  been  equipped  with  air  conditioning  apparatus  in  this 
country  during  the  past  two  years,   16   plants   for  the  loading  of 
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time  fuses.  The  atmospheric  conditions  held  in  these  plants  have 
been  such  that  those  not  acquainted  with  the  development  of  the  an 
within  the  past  few  years  would  not  consider  them  possible  of  being 
obtained. 

A  time  fuse  may  be  described  as  a  metallic  mechanism  that  is  at- 
tached to  the  end  of  a  shrapnel  shell  for  exploding  it,  which  has  for 
its  essential  parts : 

a.  Two  circular  discs,  held  in  place  by  a  central  spindle  around  which 
they  may  be  revolved,  each  having  graduations  on  their  i)eri])h- 


FIC.   2.     AIR  CONDITJONIXG  .APPARATUS  AUTOMATICALLY  REGULATED    BY 

THE   TEMPERATURE   AND    HUMIDITY    IX   THE   FUSE    LOADING 

ROOMS    OF   THE    WALCO   COMPANY,    PROVIDENCE,    R.    I. 

On  July  12,  1916,  when  the  outside  temperature  was  90  deg.  and  the  humidity  63 
per  cent  (9.65  gr.  of  water  vapor  per  cu.  ft.)  the  inside  was  held  at  701/;  deg.  with  47 
jier  cent  humidity  (3.7  gr.  per  cu.  ft.);  the  atmospheric  conditions  outside  are  continually 
varying,    but    the    inside   conditions   remain   constant. 


ery,  and  in  one  face  an  annular  groove,  which  is  filled  solidly 
with  powder ; 
/'.  A  weight  and  a  concussion  primer  so  arranged  that  the  projection 
of  the  shell  from  the  gun  will  cause  the  weight  to  strike  the 
primer  and  ignite  the  powder  in  the  groove  of  one  of  the  discs : 

c.  The  proper  ports  connecting  the  groove  of  one  disc  to  that  of  the 

other  and  from  the  second  to  the  powder  chamber  of  the  shell : 

d.  Means  for  changing  and  setting  the  position  of  the  discs  in  rela- 

tion to  the  ports   in   order  to  give   the   required  distance   for 
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travel  of  the  flame  and  thus  regulate  the  time  interval  between 

the  tiring  and  the  exploding  of  the  shell. 

The  powder  used  in  this  country  is  exceedingly  fine  black  powder, 

and  has  very  much  the  consistency  of  flour  and  it  must  be  very 

carefully  conditioned  and  blended  in  order  to  bring  about  a  mixture 

producing  just  the  correct  time  of  burning. 

After  the  powder  has  been  properly  blended,  it  is  spread  on  can- 
vas trays  and  subjected  to  from  12  to  24  hours  of  drying  or  condi- 


FIG.   4.     ONE   OF  THE   DEHUMIDIFIERS   INSTALLED   IN   THE  TIME-FUSE 
LOADING    PLANT    OF   BRITISH   MUNITIONS,    LTD.,   MONTREAL. 

Showing  doors  at  end  and  side  of  coil  ciiamber  removed  for  inspection  of  Baudelot 
coils;  liquid  and  suction  headers  with  expansion  and  suction  valves  shown  at  the  left; 
photo   taken   during  'construction,  before   water   piping  and   pump   were   installed. 


tioning,  in  order  to  equalize  any  variation  which  may  have  existed 
in  the  vapor  tension  of  the  diliferent  powders  used  in  the  blending. 
Some  fuse  manufacturers  instead  of  spreading  their  powder  on 
canvas  trays  use  small  cups,  holding  about  two  teaspoon fuls  of 
powder. 

From  the  conditioning  rooms  the  powder  is  brought  into  the  load- 
ing room,  where  the  fuse  rings  are  clamped  into  a  special  die  which 
permits  of  easy  filling  with  the  powder.     This  die,  fuse  ring  and 
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powder  are  then  placed  in  a  press  which  compresses  the  powder  into 
the  fuse  ring-  under  a  pressure  of  froni  35,000  to  80,000  lb.  per 
sq.  in. 

In  the  loading  of  the  fuse  rings  great  care  must  be  exercised  to 
obtain  even  distribution  and  an  accurate  measurement  of  powder 
used  in  each  ring,  in  order  to  maintain  constant  densities  of  the  com- 


FIG.    6. 


BAUDELOT    COILS    OF    THE    TYPE    USED    SHOWING    SUCTION    AND 
LIQUID  HEADERS. 


pressed  powder,  which  is  so  essential  in  maintaining  the  burning  time 
in  relation  to  the  graduations  on  the  ring.  After  pressing,  the 
powder  seems  about  as  hard  as  the  brass  and  resembles  a  graphite 
insert. 

The  loading  rings  are  taken  to  a  lathe  where  they  are  turned  down 
or  milled  to  an  exact  thickness.  This  shaving  not  only  cuts  the 
brass,  but  also  cuts  into  the  powder  filling,  and  sometimes  causes 
very  serious  flashes,  especially  where  a  lathe  is  used,  as  the  point 
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of  the  tool  is  liable  to  be  hot  and  ignite  the  powder.  All  of  the 
port  openings,  and  also  the  face  of  the  ring,  are  sealed  by  the  appli- 
cation of  shellac  and  waterproof  paper. 

The  chips  and  shavings  of  powder  and  brass  from  the  shaving 
lathes  must  of  necessitv  be  removed  as  fast  as  cut  on  account  of 


FIG.    8.      CHART    TAKEN    FROM    RECORDING    THERMOMETER    AT    THE    DIS- 
CHARGE  OF    A   DEHUMIDIFIER   EQUIPPED    WITH   AUTOMATIC 
DEW-POINT    REGULATION. 


the  danger  from  any  accumulations  of  powder.  Here  an  exhaust 
system  with  a  separate  water  tank  for  each  lathe  is  used  to  prevent 
a  flash  at  any  one  lathe  being  transmitted  to  others  through  the 
exhaust  piping.  The  air  from  the  exhaust  system  after  washing 
is  returned  to  the  air  conditioning  apparatus  to  reduce  the  required 
fresh  air  supply. 
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In  the  majority  of  these  plants  the  several  loading  rooms  are 
constructed  within  a  large  room  so  there  is  no  outside  exposure,  al- 
though the  lighting  is  well  provided  by  skylights  and  windows.  Of 
course,  the  proper  heating  and  ventilation  of  the  large  room  ma- 
terially reduces  the  fluctuation  that  would  otherwise  have  to  be 
overcome  by  the  air  conditioning  apparatus  in  the  small  rooms. 

In  all  of  these  installations,  the  indirect  system  of  air  conditioning 
has  been  used,  with  a  central  fan  and  dehumidifier  and  refrigerat- 
ing equipment,  and  with  separate  indirect  heaters  located  in  the  air 
supply  duct  near  each  room.  In  these  plants  the  maximum  require- 
ments on  the  air  conditioning  plant  occurs  during  the  hot,  humid 
weather  of  summer,  and  during  such  times  nearly  all  of  the  air  used 
is  recirculated  to  obviate  the  necessity  of  condensing  the  enormous 
quantities  of  moisture  that  would  be  necessary  if  all  outside  air  were 
used. 

In  the  majority  of  these  installations,  a  self-contained  type  of 
dehumidifier  is  used.  The  air  to  be  treated  passes  in  through  a 
water  spray  in  the  upper  chamber  where  it  is  washed  and  the  abso- 
lute humidity  fixed.  The  water  overflows  through  water  seals  to 
flooding  troughs  located  in  the  lower  chamber.  From  these  troughs 
it  spills  over  the  direct  expansion  coils  into  the  settling  tank 
below,  from  which  it  is  again  pumped  through  the  sprays.  In  winter, 
the  water  is  heated  by  an  injector  water  heater.  A  dew-point 
absolute  humidity  control  regulates  the  temperature  of  the  air  leav- 
ing the  dehumidifier  by  varying  the  water  temperature. 

The  ducts,  both  supply  and  return,  are  insulated  with  two-inch 
cork  board,  laid  in  pitch,  and  covered  with  canvas,  while  on  the 
apparatus  the  same  insulation  with  Y^  in.  cement  plaster  is  used 
instead  of  the  canvas. 

The  automatic  humidity  control  in  summer  operates  a  damper  in 
an  air  supply  to  room,  while  in  winter  it  operates  the  steam  supply 
to  the  indirect  heaters.  The  temperature  is  regulated  in  these 
rooms  to  within  1  deg.  and  the  relative  humidity  to  2  per  cent. 

The  refrigeration  machines  in  the  larger  installations  have  been 
of  the  vertical  two-cylinder,  single-acting  type  operating  at  rather 
high  back  pressures  of  35  to  45  lb.  The  condensers  have  been 
of  the  double  pipe  type.  The  plants  have  varied  from  40  to  200 
tons  in  size. 


No.  449 

REPORT  OF  COMMITTEE  ON  ENGINEERING 
CO-OPERATION 

YUL'R  Committee,  appointed  by  the  Council  to  represent  the 
Society  in  a  conference  on  Engineering  Co-operation  held  in 
Chicago,  March  29-30,  1917,  was  of  the  same  personnel  as 
that  in  19 IG,  whose  report  made  at  the  last  Semi-Annual  Meeting, 
was  discussed  on  the  floor  and  now  appears  in  the  Transactions  of  the 
Society  for  1916  (Vol.  XXII). 

At  the  previous  conference  in  April,  1916,  the  resolutions  adopted 
contained  the  following: — 

"Whereas,  it  is  the  sense  of  the  second  conference  on  Engineer- 
ing Co-operation  representing  societies,  national,  state  and  local,  and 
comprising  various  branches  of  engineering,  that  these  ends  may  be 
attained  through  a  closer  association  and  co-operation  of  engineering 
societies, 

"Be  It  Resolved:  That  there  is  hereby  established  a  sub-commit- 
tee with  F.  H.  Newell  as  Chairman  and  four  other  members 
to  be  selected  by  him  with  instructions  to  prepare  a  plan  for  for- 
warding co-operation  among  engineering  societies  upon  matters  of 
interest  to  the  engineering  profession,  such  plan  to  be  ])resented  for 
formal  consideration  at  a  third  conference  on  Engineering  Co-opera- 
tion to  be  called  by  the  sub-committee  at  such  time  and  place  as  may 
seem  to  be  desired." 

The  sub-committee  met  in  the  city  of  Cleveland,  Ohio,  on  No- 
vember 21st,  1916,  at  which  Mr.  Newell  presented  tlie  following 
paper : 

A  PRACTICAL  PLAN  OF  ENGINEERING  CO-OPERATION 

By  F.  H.  Newelli 

Paper   presented    Nov.    21,    1916.      Reprinted    from   Marcli,    1917,   Journal    of   tlie    Cleveland 

Engineering   Society. 

A  WORLD  OF  CHAXGE.  Out  of  the  white  heat  of  the  devouring  con- 
flict in  Europe  a  new  world  is  emerging.  We  are  being  included  in  that  new 
world,  and  are  in  the  midst  of  great  changes  in   methods  and  ideals.     .\s 


^  Head  of  Department  of  Civil  Engineering,  University  of  Illinois,  Urbana,  111.  (Chief 
Engineer,  U.  S.  Rrrlamation  Service,  19021907;  Director,  1907-1914;  then  Consulting 
Engineer.') 

Presented  at  the  Semi-Annual  Meeting  of  Thf  AwpBirAN  Sonrrv  or  Hfativ;  asp 
VF.VT7T,ATrNr,    F.NOI  NF.KB-'S,    Cbicsgo,    Til.,    .Tilly,    1917. 
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engineers,  as  "men  of  ingenuity,"  we  must  have  the  clear  vision  to  see  what  is 
coming,  to  recognize  the  new  conditions  and  to  maintain  a  leadership  in  the 
larger  activities  for  the  common  good. 

The  traditional  engineer  is  accused  of  being  conservative,  of  taking  the 
safe  side,  of  assuming  a  factor  of  safety  disproportionately  large  and  of  pro- 
ceeding with  a  caution  which  verges  upon  fear,  especially  in  connection  with 
conditions  outside  of  his  immediate  line  of  experience.  In  spite  of  this  the 
engineers  as  a  body  are  awakening;  even  our  most  conservative  organization, 
the  American  Society  of  Civil  Engineers,  is  alive  to  the  fact  that  conditions 
have  changed  and  it  is  now  prepared  to  revise  its  constitution  to  meet  more 
nearly  the  present  and  future  demands. 

HUMAN  FACTOR.  The  conspicuous  outcome  of  these  changes  is  a 
larger  recognition  of  human  agencies  in  engineering  work.  In  the  past  the 
engineer  has  thought  almost  wholly  in  terms  of  materials;  he  is  now  appre- 
ciating more  than  before  that  the  efficiency  of  his  machines  is  dependent  not 
only  upon  the  quality  of  the  steel  and  speed  with  which  the  tool  operates,  but 
even  more  than  this  upon  the  spirit  of  the  man  who  is  behind  the  tool. 

We  have  been  studying  and  conducting  researches  into  the  methods  of 
securing  the  highest  degree  of  efficiency  out  of  the  machine,  overlooking  the 
fact  that  with  the  very  best  equipment  and  the  finest  organization,  we  cannot 
attain  the  maximum  result  unless  we  have  the  men  with  us,  unless  they  feel 
that  they  are  not  merely  part  of  the  machine  but  are  being  treated  as  men  and 
are  being  afforded  an  opportunity  to  live  their  lives  according  to  their  highest 
ideals.    The  spirit  of  the  men  counts  for  more  than  the  design  of  the  machine. 

There  is  a  restlessness  throughout  the  great  body  of  engineers  in  this 
country  due  to  the  fact  that  they  dimly  realize  that  they  are  not  well  placed. 
This  restlessness  is  necessarily  an  accompaniment  of  the  change  in  conditions 
and  in  ideals.  Out  of  this  restlessness  is  coming  a  discussion  of  the  broad  ques- 
tions as  to  where  the  engineer  stands  in  relation  to  the  rest  of  the  world.  Is  he 
performing  his  full  part?  Is  he  living  up  to  the  best  that  is  within  him? 
Especially  are  the  organizations  to  which  he  belongs  doing  their  best  or  are 
they  simply  moribund  relics,  outgrown  shells  of  former  habitations?  Are 
they  cramping  the  spirit  of  progress  or  are  they  sufficiently  elastic  to  be 
adapted  to  our  rapidly-  growing  needs,  especially  those  of  wider  human 
relations? 

CO-OPERATION.  To  answer  these  questions  we  must  get  together  and 
talk  them  over.  It  is  not  possible  for  any  one  man  or  group  of  men  to 
survey  the  whole  field  and  to  decide  as  to  whether  the  engineers  and  their 
associations  are  following  the  more  direct  path  in  their  leadership  in  the 
world's  material  progress.  There  must  be  an  exchange  of  ideas,  a  co- 
operation, a  working  together  of  many  minds  and  of  many  scattered  forces. 

Why  emphasize  co-operation?  Why  should  not  all  engineers  unite  and  form 
one  great  body  with  headquarters  at  some  central  point  rather  than  attempt 
to  maintain  separate  organizations  at  each  point  wherever  a  few  engineers 
are  located?  The  answer  should  be  obvious.  While  a  great  centralized 
body  is  important  in  setting  standards  and  in  considering  broad  problems, 
yet  from  its  very  organization  it  cannot  properly  enter  into  the  local  affairs 
which  make  up  nine-tenths  or  even  99  per  cent  of  the  important  details  in 
engineering. 

Every  group  of  professional  men  have  had  the  same  experience,  namely, 
{hat    whilr   there  are  many  qtiestif)ns  of   national  or   even   worldwide   impnr- 
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taacc  lor  which  national  organizations  must  be  maintained,  yet  the  immediate 
apphcation  of  the  broad  principles  of  engineering  and  of  ethics  must  be  left 
to  the  many  small  independent  units,  each  striving  to  develop  according  to  its 
environment. 

An  engineering  society  is  simply  an  individual  grown  large  and  with  iiidci- 
inite  length  of  life.  It  is  subject  to  very  much  the  same  laws,  and  if  the 
individual  finds  that  it  strengthens  and  broadens  him  and  makes  him  a 
better  man  in  the  community  to  get  together  with  his  neighbors  and  to 
exchange  experiences,  so  in  like  manner  the  society  is  strengthened  and 
improved  in  the  efficiency  of  its  work  by  meeting  with  other  societies  of 
like  aims.  Efforts  are  stimulated,  new  ideas  brought  forward  and  the  prog- 
ress is  increased  in  geometrical  ratio  as  the  number  of  these  organizations 
which  get  together  is  increased. 

it  is,  of  course,  impracticable  for  each  society  as  a  whole  to  meet  with 
a  similar  society  from  a  neighboring  city  or  state,  but  excellent  results  are 
found  to  flow  from  an  exchange  of  visits  of  a  few  delegates  and  even 
greater  from  a  still  wider  exchange  of  experience  in  the  case  of  delegates 
from  organizations  from  many  cities  and  states.  The  effectiveness  of  the 
Cleveland  Engineering  Society,  recognized  throughout  the  United  States, 
has  been  due  largely  to  your  getting  together  with  other  organizations  and 
especially  in  having  some  of  your  best  known  members  visit  widely  and  trans- 
mit to  you  some  of  the  inspiration  thus  received.  You  have  been  able 
not  only  to  obtain  helpful  suggestions  which  have  assisted  you  collectively 
and  individually  in  performing  your  civic  duties,  but  you  have  stimulated 
others  to  even  better  performance  in  their  respective  localities. 

The  stated  object  of  an  engineering  association  is  usually  the  advancement 
of  engineering  knowledge  and  practice  and  the  maintenance  of  a  high  profes- 
sional standard  among  its  members.  Each  new  society  at  its  birth  has 
adopted  largely  the  forms  and  methods  of  the  older  bodies,  often  uncon- 
sciously copying  precedents  which  the  more  mature  society  would  be  glad  to 
drop  and  overlooking  the  unrecorded  improvements  which  have  taken  place. 
For  example,  when  the  first  engineering  organizations  were  formed,  there 
was  demand  for  the  publication  of  technical  papers;  many  of  the  asso- 
ciations thus  practically  became  publishing  houses  for  material  much  of 
which  might  now  be  printed  to  better  advantage  elsewhere.  Their  ener- 
gies are  often  being  expended  in  uneconomical  ways. 

The  growth  of  the  technical  press,  with  its  machinery  for  presenting 
quickly  and  concisely  to  the  engineering  profession  and  to  the  public  at 
large  the  latest  discoveries  and  the  most  recent  achievements,  has  made 
unnecessary  much  of  the  work  which  was  originally  performed  by  the  en- 
gineering societies.  Nevertheless,  many  of  our  newer  associations  persist  in 
following  along  the  old  beaten  track  of  publishing  papers,  not  lifting  their 
eyes  from  the  ground  and  seeing  the  great  neglected  deeds  around  them. 
Much  of  the  money  thus  misused  might  better  be  expended  in  getting 
men  together  to  discuss  the  present  status  and  tendencies  of  affairs  and" 
to  consider  how  best  to  help  each  other  and  the  world  in  general,  inci- 
dentally promoting  the  social  features  which  are  so  vital  in  all  human  affairs. 
You  as  an  organization  are  leading  in  this  better  direction,  so  that  it  is  only 
necessary  to  add  that  your  example  has  been  of  great  value  to  other  organ- 
izations. 
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WHAi  IS  AN  ENGiiNiiiKR?  before  attempting  to  enter  further  into 
this  matter  of  co-operation,  and  its  importance  to  the  profession,  it  is 
essential  that  we  first  stop  to  consider  what  do  we  really  mean  when  we  say 
that  a  man  is  an  engineer.  Is  he  a  professional  man,  if  so,  then  what  is 
a  profession? 

We  as  a  body  are  particularly  unfortunate  in  the  fact  that  the  word 
"engineer"  has  such  a  variety  of  meanings  that  hardly  any  two  men  can 
agree  as  to  what  'maimer  of  person  is  included  or  excluded  by  the  term. 
Consequently  we  have  many  hazy  ideas  as  to  where  the  engineer  stands 
in  social  or  professional  affairs. 

Ernest  McCullough  in  his  little  book  on  "Engineering  as  a  Vocation"  calls 
attention  to  the  men  carried  on  the  payroll  "John  Smith  (colored),  engi- 
neer, $3  per  day;  William  Thompson,  assistant  engineer,  chief  of  party,  $200 
per  month."  Both  in  the  common  use  of  the  term  are  engineers.  One 
runs  the  hoisting  engine,  the  other  supervises  the  whole  work  of  which 
the  hoisting  engineer  and  his  activity  are  only  an  insignificant  part.  If  we 
had  a  more  distinctive  name  such  as  that  which  the  architect  possesses,  we 
would  be  able  to  guard  ourselves  against  many  anomalies  and  uncertainties. 

Taking  the  various  meanings  of  the  word,  engineer,  we  have  in  popular 
use: — 

(a)  The  engine  runner  or  mechanic  who  works  about  an  engine,  the 
plumber  who  calls  himself  a  sanitary  engineer,  and  an  indefinite  variety 
of  other  skilled  laborers,  useful  citizens,  performing  duties  essential  to  our 
comfort. 

(b)  The  college  educated  man,  a  graduate  possibly  of  some  engineering 
school  such  as  Massachusetts  Institute  of  Technology,  employed  as  an 
assistant  in  an  engineering  office  or  as  a  draftsman,  designer,  inspector  or 
in  charge  of  field  work. 

(c)  The  man  who  has  advanced  beyond  the  subordinate  positions  and 
who  is  planning  new  work,  directing  others,  one  of  the  important  men  of  a 
corporation  or  of  a  municipality,  initiating  new  projects  and  called  upon  to 
use  large  discretion. 

(d)  The  professional  engineer,  working  independently,  directing  his  own 
affairs  with  the  maximum  of  personal  freedom  consistent  with  the  demands 
of  modern  society,  and  often  called  upon   for  consultation  in  large  affairs. 

We  thus  may  arrange  the  persons  who  are  commonly  designated  as  engi- 
neers into  four  groups.  First  and  perhaps  most  numerous  are  the  so-called 
engineers  who  by  common  consent  are  excluded  from  the  rank  of  professional 
men  and  classified  simply  as  mechanics.  The  other  three  groups  we  usually 
class  as  professional  men  or  at  least  as  men  who  are  in  line  to  enter  the 
engineering  profession  as  they  progress  in  age  and  experience.  But  what 
distinguishes  the  professional  man  from  the  mechanic?  To  make  this  classi- 
fication, we  must  have  some  distinction  clearly  in  mind. 

PROFESSION.  A  profession  is  defined  as  a  calling  in  which  one  pro- 
fesses to  have  acquired  some  special  knowledge  used  by  way  either  of 
instruction,  guiding  or  advising  others  or  of  serving  them  in  some  art.  In 
former  times,  there  were  usually  considered  to  be  three  learned  professions, 
theology,  law  and  medicine;  but  the  engineers  for  many  years  have  insisted 
that  thej'  form  a  fourth  profession.  Let  us  compare  the  typical  engineer, 
as  we  would  like  to  see  him  at  least,  with  a  member  of  one  of  the  three 
older  professions,   for  example,  the  doctor.     The  latter  is  unquestionably  a 
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inutessional  man.  In  what  respect  does  he  differ  from  the  mechanic  or  the 
engineer  ? 

The  first  and  most  distinctive  feature  is  the  fact  that  the  doctor,  and 
the  lawyer  as  well,  does  not  work  under  immediate  direction  of  some 
other  person  nor  does  he  perform  certain  set  operations  within  certain 
hours.  He  is  called  in  not  to  carry  out  instructions  of  an  employer,  but 
on  the  contrary  to  dictate  to  the  man  who  ultimately  pays  the  fee  when, 
where  and  how  certain  things  must  be  done.  He  ceases  to  be  a  professional 
man  the  moment  he  takes  orders  from  an  employer.  More  than  this,  the  doc- 
tor, the  lawyer  and  the  minister  as  professional  men  glorify  in  the  fact 
that  they  set  the  practice  of  the  profession  above  remuneration.  They 
have  devoted  their  lives  to  a  certain  work  for  the  love  of  the  work  and 
not  for  the  money  rewards.  To  the  needy  their  services  are  free — no  me- 
chanic is  called  upon  to  work  for  nothing — the  doctor  frequently  is.  In 
theory  at  least  they  do  not  accept  direct  pay  for  so  many  hours'  service, 
but  finding  it  necessary  to  live  and  to  maintain  a  suitable  status  in  society, 
they  accept  a  fee,  a  retainer,  a  stipend,  or  an  honorarium,  never  wages. 

In  some  respects  this  is  a  very  narrow  distinction,  difficult  to  draw  in 
many  cases,  but  important.  The  lawyer,  while  his  compensation  is  to  a 
large  extent  fixed  by  custom,  theoretically  at  least  he  sets  it  himself.  He  does 
not  take  directions  from  his  client  as  to  how  he  shall  conduct  his  case,  what 
hours  or  where  he  shall  work.  He,  as  a  professional  man,  says,  "These 
are  matters  of  my  profession,  the  methods,  the  reasons,  the  fees,  and  not  to  l)e 
decided  by  the  client  but  by  the  profession."  In  the  same  way  the  doctor  is 
a  professional  man.  He  treats  his  patient  in  such  waj'  as  he  considers  best, 
not  the  way  the  patient  wishes  to  be  treated  ;  if  you  employ  a  physician,  you 
must  take  his  advice,  you  must  follow  his  directions  or  he  must  leave  you.  He 
can  not.  for  professional  reason,  tolerate  any  interference  on  your  part  or  on 
the  part  of  any  other  person. 

To  ascertain  whether  or  not  you  are  really  a  professional  man,  simply 
consider  whether  you  are  paid  so  much  per  day  or  month  or  year  for  spend- 
ing certain  time  and  following  certain  instructions.  If  you  receive  wages, 
3'ou  have  not  yet  reached  the  full  status  of  a  professional  man.  although 
you  may  be  in  the  path  which  leads  to  a  profession.  This  matter  of  wages, 
salary,  or  fee  is  an  index  of  the  consensus  of  opinion  as  to  what  is  or  what 
is  not  a  profession.  It  is  not,  of  course,  the  way  in  which  the  money  itself  is 
paid  or  received,  but  the  underlying  theory  as  to  v^hether  on  the  one  hand 
you  are  working  under  the  direction  of  some  one  else  who  is  dictating  how 
you  shall  work  or  on  the  other,  whether  you  are  exercising  the  rights  and 
duties  of  a  professional  man  in  determining  how  your  patient  or  client  shall 
or  shall  not  conduct  his  afifairs. 

In  the  past  we  have  assumed  that  engineering  societies  are  made  up  mainly 
of  professional  men.  Here  is  where  confusion  of  ideas  has  arisen  as  to 
the  duties  of  such  organizations.  In  the  case  of  some  of  the  larger  national 
societies,  there  has  been  a  definite  eflfort  to  restrict  the  membership  to 
professional  men,  while  admitting  others  as  juniors  or  associates.  In  the 
case  of  local  societies,  such  distinction  is  impracticable.  The  object  of  a  local 
society  is  defeated  if  control  is  left  wholly  in  the  hands  of  a  limited  number 
of  professional  men.  Most  of  these  from  their  age  and  absorption  in  pro- 
fessional afTairs  have  no  longer  the  time  or  the  desire  to  get  together  nor 
the  enthusiasm  and  energy  of  youth  to  devote  to  the  afifairs  of  a  local  asso- 
ciation.   Moreover,  the  most  important  duties  of  such  a  body  are  those  which 
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pertain  to  the  needs  ol  the  ^uunger  men  who  are  on  the  road  towards  the 
higher  professional  status.  These  young  men  and  all  who  are  interested  in 
engineering  matters  should  be  brought  togethtr  and  stimulated  toward  larger 
achievements,  but  not  hampered  in  their  grtiwth  bj-  the  limitations  set  by 
the  older  men. 

The  moment  we  recognize  clearly  the  fact  that  the  men  who  join  the 
engineering  societies  as  yet  are  not  professional  men,  although  looking  for- 
ward to  that  condition,  then  it  follows  that  we  must  modify  our  organi- 
zation and  methods  to  accomplish  the  largest  good  to  the  greatest  number. 
With  this  condition  in  mind,  namely,  that,  while  some  may  be  professional  men 
in  the  strict  sense  of  the  word,  yet  the  great  majority,  particularly  of  our 
younger  men,  are  not  professional,  l)ut  are  more  of  the  nature  of  wage 
earners,  we  must  U:)ok;  around  us  and  see  what  similar  organizations  of 
other  men  are  doing.  We  must  try  to  help  each  other  by  an  exchange  of 
ideas,  by  an  exchange  of  experience,  so  that  we  as  an  organization  may  per- 
form our  full  duty,  not  only  to  our  own  members,  but  to  the  public  in  general. 

We  must  clearly  face  this  confusion  and  must  endeavor  to  distinguish  and 
straighten  out  the  lines  between  the  mechanics,  often  miscalled  engineers, 
the  real  engineers  who  are  technically  educated  and  who  are  serving  as  em- 
I)loyes,  the  business  men  who  are  educated  as  engineers  and  who  are  properly 
members  of  an  engineering  organization,  but  who  are  in  engineering  as  a 
business,  and  the  independent  practitioner  who  originally  built  up  the  older 
engineering  societies  largely  following  the  precedents  set  by  the  organi- 
zation of  the  doctors  and  of  the  lawj-ers.  The  times  have  changed  and 
this  confusion  of  terms  must  bring  about  a  great  deal  of  discussion,  a 
conflict  of  ideas.  Thus  we  must,  when  considering  the  function  of  the 
engineer,  clearly  distinguish  as  to  which  of  these  kinds  of  men  we  have  in 
mind  and  what  are  the  classes  of  men  to  be  benefited  by  our  organization. 

DUTIES  OF  THE  ASSOCIATION.  Under  that  assumption  that  the 
majority  of  the  members  of  our  local  engineering  associations  are  not  pro- 
fessional men  as  yet,  but  should  have  before  them  the  ideals  of  the  pro- 
fessional men  that  they  may  grow  into  the  profession;  what  are  the  things 
most  important  for  this  association  and  for  all  associations  to  do  for  the 
lienefit  of  its  members  and  of  the  public  in  general? 

When  we  recognize  that  any  local  engineering  society  must  necessarily 
be  composed  not  merely  of  a  nucleus  of  professional  men,  but  to  a  large 
extent  of  young  men  technically  trained  and  who  are  competent  to  be- 
come professional  men,  then  we  see  more  clearly  the  answer  to  these  ques- 
tions. Our  activities  must  be  directed  toward  the  needs,  not  merely  of  the 
small  number  of  mature  engineers,  but  more  than  this  to  the  proper  rela- 
tions of  the  younger  men.  These  needs  may  be  enumerated  under  sev- 
eral headings,  in  each  of  which  the  Cleveland  Society  has  already  dis- 
tinguished itself.  They  must  be  considered  under  the  headings  (1)  oii- 
ploymcnt,  (2)  publicity,  (3)  better  laws,  (4)  ethics. 

EMPLOYMENT.  The  first  thing,  the  thing  that  all  must  have,  is  a  job. 
We  must  have  employment.  We  cannot  all  start  in  life  as  professional 
men,  picking  out  our  work  and  stating  what  our  compensation  shall  be.  We 
have  got  to  grow  up  to  that  status.  In  the  meantime  we  must  live,  and 
if  there  is  any  one  thing  which  an  engineering  society  has  as  a  duty  to 
its  members,  it  is  to  assist  them  in  securing  employment.     If  you  stop  to 


Report  of  Committee  on  Engineering  Cooperation  399 

consider  ii.  practically  every  one  of  us  at  some  time  or  another  is  out  of 
a  job. 

More  than  that,  as  we  are  out  of  a  job  perhaps  only  once  or  twice  in  a 
decade,  we  are  of  all  people  the  most  helpless  when  we  are  out  of  work. 
The  highly  trained  and  educated  man  is  peculiarly  unfortunate  under  these 
conditions.  The  mechanic  is  out  of  work  more  frequently.  His  comrades 
recognize  this  fact  and  do  their  part.  The  machinery  of  modern  industry, 
while  crude  and  inefficient  in  the  matter  of  employment,  does  operate 
after  a  fashion  for  his  benefit.  He  knows  how  to  go  about  to  get  work, 
and  it  is  no  disgrace  to  him  to  be  out  of  employment.  Every  one  of  us, 
when  we  are  out,  feel  that  it  is  a  disgrace  to  let  the  fact  be  known.  We 
are  dazed.  And  if  there  is  any  one  thing  that  the  organization  of  our 
associates  should  feel  incumbent  upon  them,  it  is  to  help  the  fellow  member 
to  do  the  thing  which  he  cannot  do  himself,  and  to  make  it  possible  for 
him  to  get  emplo\-ment  at  proper  compensation  just  as  quickly  as  he  can. 

It  is  a  most  pitiable  condition  to  see  such  men  accepting  mere  living 
wages,  men  of  high  ability,  high  attainment,  because  of  an  inherent  modesty, 
a  condition  cultivated  by  the  engineering  ideals.  All  should  unite  in  intelligent, 
well-directed  consideration  as  to  how  to  help  our  fellow  member  to  be 
better  treated  when  the  critical  time  comes.  We  can  say  things  for  him 
that  he  cannot  say  for  himself  and  that  he  cannot  ask  us  to  say;  it  is  one 
of  our  duties  as  men  and  members  to  look  into  employment  systems  as  we 
never  have  in  the  past,  because  as  has  been  said,  the  times  have  changed,  and 
the  conditions  of  employment  now  and  in  the  future  are  getting  more  and 
more  stringent.  This  is  particularly  the  case  for  some  of  the  older  men.  For 
them  the  line  is  often  drawn  rigidly  at  forty- five  years  of  age.  Any  man 
over  that  line  is  not  emploj'ed.  It  is  a  cruel  and  often  unnecessary  situation. 
This  and  other  injustices  can  be  cured,  if  at  all,  onlj^  by  the  united  effort  of 
an  organization  of  this  kind  and  by  your  co-operating  with  other  organiza- 
tions in  similar  work  throughout  the  country. 

Every  day  that  one  of  the  men  who  make  uj)  the  rank  and  file  of  an  engi- 
neering society  is  out  of  work  is  a  loss  not  merelj'  to  him  and  his  family, 
but  also  to  the  community.  It  is  a  duty  as  3'et  only  vaguely  recognized 
on  the  part  of  the  society  to  see  to  it  that  the  brother  member  secures  con- 
genial employment  at  the  earliest  practicable  date.  The  traditions  of  the 
engineering  profession,  and  the  unwritten  laws  seem  to  penalize  the  unfor- 
tunate engineer  who  is  not  immediately  employed  on  the  conclusion  of  one 
enterprise  or  on  the  sudden  termination  of  his  former  connections.  Indi- 
vidual and  professional  pride  prevent  him  from  going  outside  of  the  circle  of 
his  people.  To  do  this  we  must  do  as  j'ou  have  done  here  in  Cleveland, 
we  must  propagate  throughout  the  country  the  kind  of  publicity  which 
enables  the  public  to  know  and  appreciate  what  has  been  done,  and  to  give 
to  the  engineer  the  standing  which  men  of  brains  deserve,  and  which  they  do 
not  get  if  they  do  not  let  the  world  know  what  their  individual  members 
are   doing   for   the  public   service   and   for  the   up-building  of   all   humanity. 

Professional  men  shy  at  the  word  publicity  and  "go  up  into  the  air"  at 
the  idea  of  advertising.  The  older  professions  frown  upon  sclf-soughl- 
publicity.  Nevertheless,  they  have  seen  to  it  that  the  i)uhlic  is  at  all 
times  kept  informed  of  their  activities  not  as  indivifluals.  but  as  profes- 
sional men  ministering  to  the  needs  of  humanity. 

Many  engineers  have  not  been  able  to  clearly  distinguish  between  self- 
seeking  advertising  and   the   proper   and   necessary  publicity   or   diffusion   of 
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information  regarding  engineering  achievements.  They  have  assumed  thai 
publicity  meant  the  advertising  of  some  one  man  or  some  scheme  for 
personal  advancement.  They  have  overlooked  the  fact  that  the  engineers 
as  a  whole  cannot  perform  their  full  duty  to  the  community  until  the  com- 
munity is  well  informed  concerning  what  has  been  done  and,  more  than 
this,  what  can  be  done  in  the  way  of  better  water  supply,  better  sewers, 
better  roads,  better  bridges.  The  public  uninformed  little  knows  of  tha 
•infinite  variety  of- devices  perfected  by  the  engineer  which  have  improved 
health,  comfort  and  prosperity.  While  the  individual  engineer  may  not  prop- 
erly exploit  his  own  performance,  yet  the  association  of  which  he  is  a  mem- 
ber has  a  duty  to  itself,  to  the  public  and  to  the  members  to  put  out  clearly 
and  frequently  statements  acceptable  to  the  daily  press  which  systematically 
bring  out  the  proper  appreciation  of  engineering  work. 

BETTER  LAWS.  The  third  line  in  which  our  engineering  organizations 
should  co-operate  is  that  which  will  bring  about  improved  civic  conditions, 
through  better  laws.  In  this  we  have  held  back.  We  have  thought  that  the 
law  was  something  with  which  a  respectable  engineer  should  have  noth- 
ing to  do.  In  a  letter  recently  received  from  a  distinguished  engineer,  a  very 
charming  man,  the  statement  was  made  in  effect :  "We  engineers  should  not 
trespass  on  the  domains  of  the  law  maker."  That  sounds  rather  queer, 
think  it  over — the  domain  of  the  law  maker.  Who  is  the  ideal  law  maker? 
Surely  not  the  lawyer.  His  business  is  to  interpret  the  laws,  to  find  out  what 
the  law  is  and  to  stay  within  it.  He  has  rarely  the  constructive  imagina- 
tion to  devise  good  laws.  It  is  true  that  the  majority  of  our  law  makers 
are  lawyers ;  and  also  that  our  lawyer-made  laws  are  something  to  which  we 
do  not  always  point  with  pride. 

Who  is  the  law  maker?  The  law  maker  should  be  the  man  of  sound 
information  coupled  with  vision;  if  any  man  is  a  law  maker  by  right,  it 
should  be  the  engineer ;  instead  of  encroaching  upon  the  domain  of  the 
law  maker,  it  is  the  proper  domain  of  the  engineer  to  suggest  and  to  outline 
future  laws  not  on  the  basis  of  what  they  have  been,  but  what  they  should 
be,  as  determined  by  the  careful  investigation  of  educated  men  who  are 
studying  the  facts  and  not  the  theory  which  existed  in  the  minds  of  the 
ancients. 

Society  can  make  little  progress  until  the  man-made  laws  restricting 
progress  are  revised  to  meet  the  exigencies  of  modern  changing  condi- 
tions. In  this  work  the  engineer  has  been  singularly  remiss.  His  thoughts 
have  run  almost  wholly  upon  materials  and  he  has  kept  aloof  from  the 
human  relationships  which  now  seem  to  be  so  vital  in  the  full  use  of  these 
materials.  The  ordinances  of  the  city,  the  acts  of  county  commissioners, 
the  laws  of  the  state  and  of  the  nation,  have  been  framed  mainly  by  men 
who  have  not  had  the  broad  vision  which  should  be  possessed  by  the 
engineer. 

ETHICS.  Our  professional  men.  the  men  who  devote  their  lives  to  the 
highest  good  of  the  community  and  whose  greatest  reward  is  not  in  their 
pay  but  in  the  performance  of  duties  to  the  commonwealth,  must  be  pro- 
tected from  the  cheap  man.  the  bungler,  the  charlatan,  the  quack,  the  man 
who  is  trying  to  commercialize  the  profession.  To  do  this  we  must  have 
and  must  enforce  an  ethical  code. 

Ethics  is  a  word  which  has  been  too  little  heard  at  meetings  of  engi- 
neers.    We  know  that  there  is  such  a  thing  and  that  in  the  professions  of 
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law  and  medicine  the  local  organizations  are  frequently  discussing  and 
applying  the  principles  of  their  ethical  codes.  They  have  found  it  absolutely 
essential  to  protect  the  man  who  puts  the  practice  above  the  pay  from  the 
person  who  would  drag  him  down  and  literally  starve  him  out.  By  ex- 
perience they  have  learned  that  the  shyster,  and  the  charlatan  easily  get 
the  ear  of  the  public  and  if  not  restrained  will  reduce  the  profession 
to  a  mere  trade.  The  highly  skilled  man  devoted  to  his  profession  in  many 
lines  would  be  practically  unknown,  were  it  not  for  the  fact  that  the  horde 
of  cheap  men  were  held  in  check  bj^  the  enforcement  of  a  firm  code  of 
ethics. 

"It  is  not  enough  to  set  forth  a  code  of  ethics  as  a  lamp  to  straying 
feet.  It  is  necessary  to  make  it  worth  while  for  wobbly  practitioners  to  live 
up  to  the  code." 

"Hvlere  moral  suasion  no  more  suffices  to  keep  the  professions  straight 
than  public  opinion  suffices  to  keep  the  peace.  In  either  case,  tribunals  and 
punishment  are  necessary.  The  good  in  each  of  the  professions  ought  to  be 
organized  in  order  to  pursue  and  harry  the  bad."i 

As  has  already  been  said,  ethics  has  not  been  enough  considered  in  our 
societies.  We  have  assumed  that  the  average  engineer  is  an  honest  man  or 
he  would  not  be  an  engineer,  and  we  have  permitted  the  consideration  of 
ethics  to  drop  in  the  background.  There  is  no  one  thing  on  which  the 
engineer  can  co-operate  more  effectively  to  the  profession  than  in  the 
consideration  of  ethics,  the  discussion  of  codes  and  the  enforcement  of  these 
by  local  associations.  You  know  your  local  conditions,  you  know  your 
local  men ;  and  if  any  man  falls  below  the  proper  standard,  he  should  be  tried 
by  the  men  of  his  own  profession  on  the  ground,  who  can  give  to  him  the 
justice  to  which  he  is  entitled.  One  of  the  things  that  we  have  missed, 
and  one  that  we  must  take  up  in  the  future  to  meet  the  changing  conditions 
is  the  handling  of  the  ethics,  in  a  brave,  clear,  clean  way,-  to  protect 
the  men  of  high  ideals  from  the  encroachment  of  the  less  scrupulous  men. 

To  bring  these  things  about,  you  cannot  act  alone  or  try  uncertain  ex- 
periments. To  attain  certain  results,  you  must  have  behind  you  the  pro- 
fession in  general,  and  the  backing  of  other  local  organizations. 

NATIONAL  SOCIETIES.  In  what  has  been  said  reference  has  been 
had  mainly  to  the  city  or  local  organizations  such  as  the  Cleveland 
Society  of  Engineers.  You  as  individuals  living  in  or  near  Cleveland 
are  necessarily  first  concerned  with  this  society.  Your  allegiance,  your 
interest,  your  means  and  your  time  should  be  given  mainly,  to  it,  because 
here  you  can  make  your  influence  felt  immediately  for  good  and  here  you 
can  see  direct  results.  Each  of  you  as  engineers  has  this  duty  of  build- 
ing up  and  strengthening  your  own  local  organization.  In  the  same  way 
the  engineers  resident  in  every  other  city  or  locality  have  a  similar  duty. 
In  doing  so,  however,  they  should  not  overlook  the  claim  of  the  great  nation- 
al organizations  with  headquarters  in  New  York.  They  have  their  distinct 
place  in  outlining  and  maintaining  the  ethics  of  the  profession  and  in 
setting  standards.  Each  of  us  as  a  citizen  of  our  municipality  and  state 
and  also  a  citizen  of  the  United  States  has  certain  distinct  duties.  So  as 
engineers,  while  our  immediate  interest  lies  around  us.  yet  we  must  not 
forget  the  fact  that  we  are  or  should  be  a  part  of  the  great  national  body. 


'  See  "The  Making  of  the  Professions,"  by  Edwaid  .Msworth  Ross,  in  the  Tntcrnation.d 
Journal  of  Ethics,  October,  1916,  pages  67-81. 
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first  build  up  aud  lielp  build  up  a  local  euyineering'  society  in  each  and 
every  locality  ■where  a  score  or  more  of  engineers  are  gathered  together, 
assist  those  men  to  organise  to  look  after  the  local  questions  of  engineering 
in  general  and  also  of  employment,  of  legislation,  of  proper  education  of  the 
public,  and  of  enforcement  of  ethics.  At  the  same  time,  each  of  us  as  a 
citizen  of  the  larger  world  represented  by  the  great  national  technical  socie- 
ties, after  having  discharged  our  duties  to  the  local  society,  should  try 
to  join  one  or  another  of  the  national  organizations,  and,  more  than  that, 
should  endeavor  to  bring  those  together  in  unity  of  action,  perhaps  not  in 
actual  coalescence,  but  in  unity  of  ideals,  selecting  standards  for  our  local 
societies. 

FREQUENT  DISCUSSION.  The  points  which  are  here  presented  are 
matters  which  should  be  discussed  at  least  once  a  year  in  every  organiza- 
tion of  engineers.  Unfortunately  in  our  concern  in  purely  technical  details, 
we  have  frequently  forgotten  these  larger  matters.  It  should  be  the  duty 
of  every  society  to  have  on  its  program  one  or  more  of  these  important 
matters  or  to  devote  one  meeting  a  year  to  a  full  consideration  of  what 
we  may  call  the  status  of  the  society,  not  merely  of  its  business  or  financial 
affairs  but  of  its  standing.  We  should  periodically  measure  it  up  with  the 
achievement  of  others.  To  do  this  effectively,  we  must  have  certain  stand- 
ards for  comparison. 

CONFERENCE.  We  can  never  tell  whether  as  a  society  we  have 
advanced  or  deteriorated  until  we  have  adopted  some  measuring  stick. 
The  method  suggested  of  preparing  a  standard  and  making  the  compari- 
son is  to  have  annually  at  least  a  conference  of  all  independent  engineering 
bodies.  It  should  be  the  duty  of  each  such  organization  to  send  one  or  more 
delegates  to  this  conference.  There  have  already  been  held  two  of  these 
meetings,  one  at  Buffalo  in  1915,  the  other  at  Chicago  last  April,  1916.  A 
third  is  proposed  for  March,  1917.  Your  society  will  be  well  represented,  but 
for  your  own  advantage  as  well  as  that  of  every  other  society,  I  hope  that 
you  as  a  society  will  do  all  that  j'ou  can  to  induce  other  engineering  organiza- 
tions to  appoint  and  send  delegates  to  this  third  conference. 

FIELD  AGENT  OR  LECTURER.  While  these  occasional  conferences 
of  delegates  are  essential,  yet  the  largest  stimulation  of  effort  must  await 
upon  the  sj-stematic  missionary  work  of  some  competent  man  who  can  go 
from  place  to  place,  become  acquainted  with  local  conditions,  confer  with 
officers  and  members  of  local  societies  and  be  prepared  to  impart  to  them 
personally  the  experience  attained  elsewhere  under  similar  conditions.  You 
can  readily  picture  the  stimulus  which  would  come  from  such  personal  con- 
tact and  from  an  evening  address  of  an  enthusiastic  man  who  has  visited 
other  societies,  who  can  answer  questions  as  to  how  various  difficulties 
had  been  overcome  and  who  could  impart  to  the  members  something  of 
the  vigor  which  comes  from  wide  contact  with  men. 

CONCLUSION.  In  conclusion  my  message  to  you  is  one  of  appreciation 
for  the  excellent  work  which  your  society  has  done  and  is  doing  in  inspir- 
ing other  organizations  to  greater  activity.  My  mission  is  to  call  to  the 
attention  of  all  engineers  the  fact  that  we  must  adjust  ourselves  to  the 
rapid  changes  which  are  taking  place,  and  to  do  this  we  must  get  together, 
exchange  ideas,  devise  standards  of  efficiency  and  discuss  how  each  organi- 
zation, as   well  as  each   individual,  can  reach  this  efficiency. 


Report  or  CoMMiriEE  on   Rngineerinc  CooptRATioN  403 

To  accomplisli  large  results  cacli  society  should  send  its  delegate  to  a 
general  meeting  and  should  pa\-  his  expenses,  this  for  the  present  being 
the  limit  of  its  financial  ability.  Later,  however,  with  the  strengthening  of 
each  society  such  as  comes  from  mutual  co-operation,  it  will  undoubtedly 
he  possible  for  each  to  contribute  its  share  to  the  expense  of  a  traveling 
field  agent  or  lecturer,  inspector  or  organizer,  as  you  may  please  to  call 
him.  In  the  meantime  we  hope  that  patriotic  and  far-seeing  men  will  vol- 
untarily contribute  toward  carrying  on  this  work  of  co-operation.  It  neces- 
sarily costs  something,  even  though  merely  for  postage  stamps. 

The  engineer,  as  in  the  case  of  every  other  individual  in  modern 
society,  to  keep  up  to  the  times,  and  to  achieve  his  ideals,  must  unite  with 
his  fellows  and  in  turn  his  associations  must  co-operate  and  secure  the 
strength  and  inspirati<in  wliich  comes  from  good  organizati(Mi.  In  this  way 
alone  will  we  he  able  Ut  )>erf()rni  (Hir  hi.iihe>t  duties  to  ourselves  and  to 
the  Ciinmuniitv. 


Mr.  Xewcll's  paper  was  read  at  the  Conference  on  March  21Jlh 
and  30th,  1917,  and  after  much  (Hscussion  of  the  various  points  set 
forth  in  this  report,  the  following  resolutions  were  adopted : 

The  third  Annual  Conference  of  tlelegates  from  engineering  so- 
cieties and  associations  was  held  in  Chicago  in  tlie  rooms  of  the 
Western  Society  of  Engineers  on  Thursday  and  Friday,  March  29th 
and  30th,  IDIT.  Delegates  were  present  from  approximately  forty 
organizations,  of  which  ten  may  he  considered  as  national,  twelve 
state,  and  the  remainder  city  or  local.  The  procedtire  adopted  was 
that  of  general  discussion  on  the  first  day,  followed  hy  a  "get- 
together"  dinner  in  the  evening,  at  which  about  250  engineers  were 
present.  On  the  second  day,  the  broad  subject  having  been  ])rc- 
sented  and  personal  acquaintance  reached,  the  vital  points  of  the 
conference  were  taken  up,  beginning  with  the  report  of  the  sub-com- 
mittee appointed  at  the  Second  Annual  Conference.  This  rejiort 
was  read,  amended  in  detail,  and  adopted  as  given  below  : 

(3ther  resolutions  were  passed  favoring  universal  military  ser\- 
ice,  expressing  the  intent  to  stand  by  the  action  of  the  President  of 
the  United  States  in  the  present  crises,  also  thanking  the  Western 
Society  of  Engineers  and  others  for  their  many  courtesies  in  con- 
nection with  the  Conference.    The  principal  action  was  as  follows  : — 

\VnERE.\s,  the  Committee  on  Engineering  Co-operation  has  met  in 
Third  Annual  Conference,  and 

Where.vs,  the  movement  is  proving  successful  and  beneficial  and' 
the  field  covered  by  this  conference  is  so  large,  and  the  problems 
involved  are  so  great,  that  its  continuation  on  a  more  efficient  basis 
is  desirable  in  order  to  attain  a  more  efficient  co-ordination  of  eft'ort 
among  engineering  societies  and  other  engineering  bodies,  and  in 
order  to  crystallize  opinion  and  enlarge  the  influence  of  engineers ; 
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A.  Be  It  Resolved: — that  the  report  of  the  sub-committee  on 
engineering  co-operation,  consisting  of  Messrs.  F.  H.  Newell,  Chair- 
man, Hunter  McDonald,  Morris  L.  Cooke,  Isham  Randolph,  and 
C.  E.  Drayer,  submitted  at  this  Conference,  is  hereby  adopted  as 
amended  (as  follows)  : 

1.  National  .Societies.  As  a  preliminary  to  all  eli'orts  towards 
co-operation  among  existing  engineering  organizations,  there  should 
be  the  expressed  intent  to  assist  in  strengthening  and  unifying  the 
work  of  the  national  engineering  societies  in  the  advancement  of 
engineering  knowledge  and  practice,  and  the  maintenance  of  high 
professional  standards. 

2..  Local  Organizations.  The  invigorating  of  local  societies  is  fun- 
damental because  of  the  fact  that  while  the  great  national  societies 
are  important  in  setting  standards  and  in  considering  broad  prob- 
lems, yet  local  ali'airs  make  up  at  least  nine-tenths  of  the  vital 
problems  of  the  engineer's  life.  In  each  locality  where  there  may  be 
a  dozen  or  more  engineers  so  situated  as  to  be  able  to  meet  occa- 
sionally there  should  be  formed,  if  not  already  existing,  an  engineer- 
ing association  embracing  all  professional  engineers  and  others  in- 
terested in  engineering  to  discuss  and  act  upon  these  vital  problems. 

3.  Home  Rule.  Each  local  engineering  society  should  be  au- 
tonomous or  self-governed,  wholly  free  in  its  activities  from  all 
dictation  or  control  by  other  associations  or  connections,  fully 
adapted  to  local  needs  and  conditions,  and  exemplifying  in  its 
activities  the  principle  of  complete  home  rule. 

4.  Welfare  of  Members.  Each  such  local  or  self-governing  unit 
in  its  organizations  and  activities  should  give  full  recognition  to  the 
fact  that  the  majority  of  the  membership  necessarily  consists  of 
men  not  yet  enjoying  complete  or  independent  professional  status, 
but  who  in  large  part  have  had  a  college  or  technical  training  and 
who  in  time  may  become  professional  engineers  in  the  full  sense  of 
the  word.  Because  of  its  diverse  character  or  members,  the  activi- 
ties of  the  local  society,  while  maintaining  high  professional  stand- 
ards, should  be  so  planned  as  to  meet  the  needs  of  the  young  men 
as  well  as  the  older,  and  be  directed  toward  the  welfare  of  all  classes 
of  its  members  and  through  them  of  the  public. 

5.  Ethics.  Each  local  engineering  society  should  adopt  and  fre- 
quently make  application  of  a  code  of  ethics  prepared  in  accordance 
with  the  standards  established  by  the  national  organization  or  ap- 
proved by  other  professional  bodies.  It  is  recognized  that  while  it 
is  impossible  to  prevent  all  violation  of  such  a  code,  yet  eternal 
vigilance  is  the  price  of  maintenance  of  high  standards.  The  en- 
forcement of  such  a  code  is  essential  to  the  well-being  of  the  com- 
munity at  large  as  well  as  for  the  protection  of  professional  men 
from  the  improper  competition  of  unskilled  or  unscrupulous  men 
tending  to  reduce  the  opportunity  for  effective  service  to  individuals 
and  to  the  public. 

6.  Civic  Affairs.  Each  engineering  society  should  devote  time  and 
thought  to  local  civic,  state,  and  national  affairs  which  influence 
engineering  progress. 
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7.  The-  Piiblic  Engineer.  Each  engineering  society  should  give 
especial  attention  to  those  members  of  the  profession  who  are  in 
public  employment  and  should  recognize  the  high  ideals  and  per- 
formance of  the  public  engineer,  seeing  to  it  that  he  is  furnished 
sympathetic  support  in  his  efforts  in  the  public  service. 

8.  Publicity.  Each  independent  association  in  co-operation  with 
others  in  its  vicinity  should  maintain  a  local  system  of  diffusing 
information  on  engineering  subjects  such  as  may  be  embraced  in 
proper  publicity  of  the  profession  as  a  whole. 

9.  Employment.  For  the  benefit  of  the  great  body  of  engineers 
there  is  needed  the  development  of  a  scientifically  planned  and  well 
conducted  system  of  employment  to  be  operated  in  co-operation  by  all 
engineering  associations. 

10.  Conferences.  A  conference  of  representatives  from  each  en- 
gineering organization  should  be  held  at  least  annually  at  which  all 
matters  such  as  those  above  noted  and  others  of  general  interest 
should  be  discussed. 

B.  Also  Be  It  Resolved  : — that  there  is  hereby  appointed  an  Ad- 
ministrative Committee  with  F.  H.  Newell,  Chainnan,  C.  E.  Drayer, 
Secretary,  and  three  others  to  be  named  by  the  Chairman,  to  continue 
on  the  plan  outlined  and  provide  ways  and  means  for  its  accomplish- 
ment and 

C.  Be  It  Resolved  : — that  this  Conference  requests  and  urges  the 
national  engineering  societies  in  designating  the  Engineering  Council 
to  give  consideration  to  and  create,  as  soon  as  proper  deliberation 
may  permit,  the  machinery  necessary  to  provide  for  a  general  per- 
manent body  made  up  of  representatives  of  the  various  national, 
state,  and  local  engineering  organizations  of  the  country,  in  the  in- 
terest of  the  common  welfare  and  advancement  of  the  profession  as 
a  whole. 

D.  Be  It  Further  Resolved: — that  these  Conferences  be  con- 
tinued at  intervals  subject  to  the  call  of  the  Administrative  Commit- 
tee at  such  time  and  place  as  may  be  found  desirable. 

Years  ago  The  American  Society  of  Heating  and  Ventilat- 
ing Engineers  realized  the  necessity  of  organizing  local  chapters, 
the  formation  of  which  would  enable  members  located  far  distant 
from  headquarters  to  derive  greater  benefits  from  their  member- 
ship in  the  Society.  Aside  from  the  Chapters  now  in  full  operation, 
other  means  are  on  foot  to  bring  the  entire  membership  into  closer 
relationship. 

So  far  as  the  matter  has  developed,  the  Committee  advises  that' 
any  action  by  this  Society  be  extremely  conservative  for  the  follow- 
ing reasons : 

Vagueness  of  purpose  and  the  lack  of  spirit  of  nationalism  in  that 
there  seems  to  be  an  undue  tendency  to  forward  uncontrolled  local 
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©rganizations.  However,  in  justice  to  all,  in  view  of  the  early  state 
of  development  of  the  movement,  we  recommend  the  publication  in 
the  Journal  of  Prof.  Newell's  paper  and  the  Resolution  passed  at 
the  meeting  of  March  29-30,  191'i,  in  Chicago,  and  further  recom- 
mend that  the  Society  consider  the  matter  further  at  the  Annual 
Meeting  in  January,  1918 — particularly  by  conference  with  the 
other  national  societies. 

Respectfully  submitted, 

John  F.  Hale,  Chaini:a}\ 
Samuel  R.  Licwis, 
Dr.  E.  V.  Hill. 


DISCUSSION 

Till-:  ['kEsiLEXT :  Is  it  your  suggestion,  Mr.  Hale,  that  this  Com- 
mittee be  continued  and  report  definitely  at  a  later  meeting? 

John  F.  Hale:  It  would  seem  necessary  because  of  the  fact  that 
the  Conmiittee  is  well  posted  on  what  has  transpired  and  nothing  else 
in  connection  witli  the  Engineering  Co-operation  movement  will 
occur  before  our  Annual  Meeting  that  would  change  the  conditions. 

It  is  suggested  that  a  definite  and  complete  report  be  published  in 
the  October  Journal,  in  order  that  all  our  members  may  read  and 
understand  the  subject  and  be  in  a  position  to  take  some  definite 
action  in  advance  of  the  next  meeting  of  the  Conference,  which  will 
j)robably  take  place  next  spring. 

C.  A.  Blanev  :  I  move  that  the  report  be  received  and  the  recom- 
mendation therein  made  be  concurred  in. 

Motion  was  seconded  and  carried. 


No.  450 

REPORT  OF  COMMITTEE  ON  STANDARD 
METHOD  OF  TESTING  AIR  WASHERS 

THE  work  of  your  Coinniittee,  as  laid  out  in  the  Report  pre- 
sented at  the  Senii-Annual  Meeting  of  1914,  covered  a  much 
larger  lield  than  was  foreseen  at  the  time.  On  account  of  the 
great  amount  of  time  needed  to  carry  on  the  experiments  it  became 
necessary  to  make  use  of  all  available  assistance.  Dr.  E.  \'.  Hill  " 
has  at  all  times  had  the  experiments  under  his  personal  direction, 
and  it  is  owing  to  his  great  persistence  that  many  of  the  difficulties 
have  been  overcome. 

in  the  first  report  the  methods  of  testing  air  washers  were  divided 
into  three  general  grou{)s :  First.  Dry  Filters;  Second,  Soluble 
Filters;  Third.  Direct  Dust  Count. 

.\11  methods  under  the  first  group  were  discarded  as  being  either 
inaccurate,  or  too  cumbersome  for  practical  purposes. 

In  the  second  group  were  the  sugar  filter  method  and  Dreschel 
wash-bottle  method.  The  sugar  filter  method  gave  the  dust  count 
])y  counting  the  dust  particles  in  solution.  Errors  from  so  many 
sources  occurred  that  this  method  was  eliminated.  7'he  results 
by  the  Dreschel  wash-bottle  method  were  obtained  by  weighing 
the  dust  precipitated  in  the  water  from  a  measured  amount  of  air, 
whicli  was  bubbled  through  the  water.  The  water  was  evaporated 
and  the  residue  weighed.  This  method  was  found  to  be  inaccurate, 
due  to  fine  particles  of  dust  carried  through  the  water  by  the  bubbles. 
-Several  tests  using  this  method  were  run.  The  duration  of  the 
tests  varied  from  seven  to  17  hours.  During  this  time  from  20(i 
to  550  cu.  ft.  of  air  were  drawn  through  each  set  of  bottles. 

Jn  studying  this  set  of  tests,  which  were  carried  on  under  widel\ 
different  conditions  both  as  to  the  amount  of  dust  contained  in  the 
air  entering  the  air  washers,  and  also  as  to  the  manipulation  of  the 
air  washer  itself,   I  observed  an  interesting  and  possibly  important 

Presented   at  tlie   Senii-Annnal   Meeting  of  T)ik   .\merican    .Society   of   Heating   and 
Ventii.atint,   Engineers,   Chicago,   TU.,  July,    1917. 
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fact.  In  60  per  cent  of  the  tests  the  amount  of  dust  in  the  air  after 
passing  the  washer  was  practically  constant.  In  20  per  cent  of  the 
tests  there  was  no  more  dust  in  the  air  entering  the  washer  than  was 
being  discharged  from  the  washer  by  the  60  per  cent  of  tests  just 
mentioned.  The  remaining  20  per  cent  of  the  tests  showed  slightly 
liigher  amounts' of  dust  in  the  air  leaving  the  washer. 

This  would  seem  to  indicate  that  there  exists  a  constant  amount 
of  dust  in  the  air  which  is  not  affected  by  an  air  washer  of  the 
water-spray  type.  If  this  could  be  proved  true,  it  would  give  a 
foundation  on  which  to  base  air  washer  efficiency. 

At  this  stage  of  the  investigation,  Dr.  Hill  devised  the  Dift'racti- 
scope,  many  descriptions  of  which  have  been  published.  This 
instrument  did  not  prove  practical  for  this  work.  It  showed  the 
minutest  particles  of  dust  in  the  air,  but  gave  no  means  of  comput- 
ing either  their  number  or  weight ;  it  did,  however,  prove  valuable 
in  checking  the  efficiency  of  testing  methods  based  on  the  filtering  of 
dust  from  the  air.  It  was  found  that  optically  empty  air  was  a 
practical  impossibility. 

Dr.  Hill  then  designed  his  dust  counter,  a  description  of  which 
he  gave  in  the  June  issue  of  the  Heating  and  Ventilating  Magazine, 
and  from  which  I  quote  as  follows : 

"The  dust  counter  consists  essentially  of  an  exhaust  pump  of 
known  capacity  for  handling  the  air  and  a  small  capsule  or  shell 
affixed  to  the  inlet  of  the  pump-  carrying  a  cover  glass  coated  with 
adhesive  material  for  catching  and  retaining  the  dust. 

"My  first  experiments  in  this  line  were  made  by  drawing  a  quan- 
tity of  air  into  a  syringe  and  forcing  it  out  against  a  slide  covered 
with  adhesive  material  and  counting  the  number  of  particles  with  a 
microscope.  In  using  this  method  we  found  a  serious  source  of 
error  in  the  retention  of  dust  particles  in  the  barrel  of  the  pump. 
A  device  was,  therefore,  arranged  to  carry  the  cover  slip  on  the 
interior  of  the  pump  directly  beneath  the  intake  nozzle.  With  this 
arrangement  the  dust  was  projected  against  the  adhesive  material 
before  coming  in  contact  with  the  interior. of  the  pump. 

'"This  was  the  first  instrument  developed  in  the  long  series  of 
tests  with  which  a  consistent  and  practical  determination  could  be 
made.  In  developing  the  idea  just  described,  the  next  step  was  to 
find  some  means  of  calibrating  the  instrument.  It  was  evident  that 
all  of  the  dust  projected  against  the  adhesive  plate  was  not  retained ; 
some  must  of  necessity  escape.  We,  therefore,  constructed  a  num- 
ber of  capsules  as  a  separate  part  of  the  instrument  and  designed 
them  in  such  a  way  that  one  could  be  superimposed  upon  the  other 
and  the  air  sample  drawn  through  them  in  series.  By  experiment  we 
found  that  with  six  such  capsules  under  ordinary  or  moderate  extreme 
conditions  of  air  dustiness  no  dust  was  found  in  the  last  capsule. 
Counts  were  then  made  of  the  samples  in  the  consecutive  capsules 
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and  a  percentage  determination  arrived  at  for  the  amount  retained 
by  the  tirst  capsule.  In  routine  tests  with  the  instrument,  therefore, 
It  IS  only  necessary  to  use  one  capsule  and  correct  the  result  by  the 
factor  given  for  the  nature  of  the  work  in  hand.  This,  for  ordinary 
tests,  is  62  per  cent. 

"Method  of  Using:  In  using  the  instrument  the  cover  of  the  cap- 
sule is  removed  from  the  base  and  a  clean  ^  in.  microscopic  cover 
glass  inserted  in  the  holder  that  is  provided.  The  cover  glass  is 
then  smeared  lightly  with  a  mixture  of  Damar  varnish,  glycerine 
and  linseed  oil  of  such  a  consistency  that  it  will  not  dry  or  form  a 
surface  film  when  the  instrument  is  in  use,  but  will  become  firm 
within  twenty-four  hours.  The  cover  is  replaced  on  the  base  of  the 
capsule  which  is  then  screwed  on  to  the  nozzle  of  the  pump.  A  cer- 
tain number  of  strokes  with  the  pump  is  now  taken  in  the  air  where 
the  determination  is  to  be  made,  the  number  of  strokes  varying  with 
the  extent  of  dustiness  expected.  Care  in  this  regard  must  be 
taken,  as  an  excessive  amount  of  dust  on  the  slide  makes  it  difficult 
to  count.  In  an  ordinary  office  or  school  room  about  5  to  10  strokes 
are  all  that  are  required.  In  the  outdoors  where  the  air  is  reasonably 
clear  15  or  20  strokes  are  necessary.  After  the  necessary  number 
of  strokes  has  been  taken,  the  capsule  is  removed  from  the  base. 
The  base  is  held  inverted  during  this  operation  so  that  no  dust  par- 
ticles in  the  air  will  settle  on  the  specimen.  The  cover  slip  is  re- 
moved from  the  holder  in  the  inverted  position  and  placed  on  a  clean 
microscopic  slide  with  the  adhesive  side  against  the  slide  and  the 
specimen  placed  on  the  stage  of  the  microscope  and  a  count  made. 
The  microscope  should  be  equipped  with  a  No.  2  ejector  and  a  No.  1 
eyepiece,  in  which  is  placed  the  ruled  ocular  supplied  with  the 
instrument." 

This  apparatus  of  Dr.  Hill's  has  been  in  use  during  the  past  winter 
by  the  Department  of  Health,  City  of  Chicago,  and  has  been  giving 
what  seems  to  be  consistent  results.  Owing  to  its  construction,  it 
lends  itself  excellently  for  the  testing  of  air  washers. 

In  making  an  impartial  test  this  device  would  lack  the  advantage  of 
being  purely  mechanical,  since  the  amount  and  velocity  of  the  test 
air  coming  in  contact  with  the  microscopic  cover  glass  could  be 
varied  by  the  manipulation  of  the  pump.  It  is  also  a  possibility 
that  the  results  would  be  varied  according  to  the  velocity  of  the  air 
entering  the  capsule.  The  centrifugal  force  of  air  introduced  at  a 
high  velocity  would  tend  to  throw  more  and  heavier  particles  against 
the  cover  plate,  than  air  introduced  at  a  low  velocity  which  would 
have  a  tendency  to  register  a  smaller  number  of  dust  particles.  If 
this  should  be  true  it  would  give  a  very  simple  means  for  calibrating 
the  Hill  dust  counter  with  a  standard  test  dust. 

From  the  data  gathered  by  the  Committee,  it  would  seem  neces- 
sary to  test  the  washing  efficiency  of  an  air  washer  with  a  standard 
test  dust — the   composition  of  this  to  be  determined  later.     The 
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naiural  dust  of  the:  air  varies  so  largely  both  in  composition  and 
amounts  in  different  localities  that  it  would  be  impossible  to  obtain 
comparative  results  of  washing  efBciency. 

By  introducing  standard  dust  in  a  predetermined  amount  in  the 
intake  to  the  washer,  many  of  the  difficulties  are  overcome.  First,  all 
tests  are  run  under  practically  the  same  conditions  as  to  the  number 
of  dust  particles  in  the  air ;  Second,  dust  having  the  same  character- 
istics is  used — that  is  the  same  amount  of  vegetable  matter,  carbon 
particles,  etc. ;  Third,  sufficient  dust  particles  are  present  to  minimize 
the  percentage  error  in  counting. 

The  work  which  remains  for  the  Committee,  consists  of  verifying 
data  already  obtained  and  deciding  on  the  constituents  of  a  standard 
dust  to  be  used  in  testing.  We  will  then  be  in  a  position  to  submit 
for  the  approval  of  the  Society  recommendations  for  a  Standard 
Method  of  Testing  Air  Washers. 

Respectfully  submitted, 

A.  E.  St.xcev.  Ik.,  Chairman. 


DISCUSSION 

L.  C.  Soulk:   I  move  that  the  report  be  accepted. 
The  motion  was  seconded  and  carried. 

The  President:  Is  it  the  intention  of  the  Chairman  that  the 
Committee  shall  continue  with  this  work? 

A.  E.  Stacey  :  I  might  say  that  we  have  just  arrived  at  the 
point  where  we  feel  able  to  make  recommendations  for  a  standard 
method  of  testing. 

L.  C.  SouLE  :   I  move  that  the  Committee  be  continued. 
Ilie  motion  was  seconded  and  carried. 


No.  451 

REPORT  OF  COMMITTEE  ON  SCHOOL  HOUSE 
STANDARDS 

Abstract  from  Report  of  Committee  on  Standardization  of  School  House  Planning  and 

Construction,  of   the  Department  of   Administration,  by   Frank   Irving   Cooper, 

Chairman   at   the  Convention   of   the   National   Education   Association 

at    Portland,    Ore.,    July,    1917 

AT  the  lyif)  Convention  of  the  National  Education  Associa- 
tion held  in    New   York   City,   the   Department  of   School 
Administration  appointed  a  Committee  on  Standardization 
of  School  House  Planning  and  Construction.     The  Committee  pub- 
lished in  its  first  bulletin  a  statement  of  its  proposed  work.    . 
FIRST:     To    select    from    details    of    construction    pertaining    to 
school-house  architecture,  standards  which  have  already  been 
determined  upon  by  the  various  states  and  which  are  in  gen- 
eral use  by  the  various  trade  organizations  : 
SECOND  :     To  select  from  standard  details  those  usually  accepted 

by  educational  authorities ; 
THIRD  :     To  fix  standards  of  school-house  planning. 

School  houses  in  great  variety  have  been  built,  but  until  recently 
no  effort  has  been  made,  except  in  a  few  of  our  large  cities,  to 
reduce  schoolhouse  construction  to  scientific  principles.  All  great 
business  enterprises  which  have  to  do  with  construction  seek  to 
plan  duplicate  operations  by  standard  forms  and  they  thus  reduce 
their  undertakings  to  a  science. 

The  parts  that  go  into  the  plans  of  a  school-house  can  be  reduced 
to  a  standard  by  the  methods  found  applicable  in  other  under- 
takings. Can  wc  reduce  the  component  parts  that  go  into  the  mak- 
ing of  the  building  and  have  them  meet  definite  conditions  for  each 
class  of  school  ?  When  we  accomplish  this  we  have  made  a  begin- 
ning towards  establishing  standards  for  the  jilanning  of  school 
buildings. 
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A  review  of  publications  devoted  to  school  problems  shows  that 
many  comparisons  have  been  made  based  on  the  cost  per  cubic 
foot;  variations  in  the  unit  cost,  however,  are  so  great  that  the 
same  rule  of  measurement  could  not  have  been  used  in  the  different 
buildings. 

Comparisons  of  parts  of  school  buildings  based  on  cost  units, 
however,  do  not  bring  about  improvement  in  the  school  house  plan. 
No  one  would  undertake  to  decide  the  minimum  space  to  be  devoted 
to  a  toilet  room  by  considering  its  cost  per  square  or  cubic  foot. 

If  the  size  of  a  toilet  room  could  not  be  determined  by  its  cost 
per  cubic  foot  why  should  such  a  unit  of  measurement  be  applied 
to  the  size  of  a  classroom,  laboratory,  or  room  for  manual  or  indus- 
trial training?  Comparisons  of  parts  of  school  buildings  based  on 
cost  is  not  the  road  by  which  to  improve  school  house  planning  and 
construction. 

The  planning  and  construction  of  a  school-house  is  a  complex 
undertaking;  it  includes  the  design  and  arrangement  of  the  plan, 
the  art  of  construction,  the  sanitation,  heating,  ventilation,  illumi- 
nation and  varied  electrical  work ;  indeed,  it  includes  the  work  of 
nearly  all  the  crafts.  The  architect  who  is  to  be  successful  in  the 
execution  of  school-house  commissions  must  be  a  man  given  to 
research,  looking  toward  the  development  of  new  ideas  which  are 
constantly  presented  by  the  changes  in  the  curriculum  and  in  the 
administration  of  school  activities,  and  he  must  do  constructive 
thinking  and  constructive  planning. 

It  is  seldom  that  the  personnel  of  the  Committee  appointed  to 
erect  a  new  school  building  includes  a  member  well  informed  as 
to  the  problem  and  details  involved  in  the  planning  and  construction 
of  the  new  building.  Each  committee  repeats  the  mistakes  that 
have  been  made  for  years.  Furthermore,  it  frequently  happens  that 
Committees  insist  on  using  ideas  that  have  been  tried  elsewhere  and 
have  failed.  Competent  observers  are  convinced  that  the  loss  to 
the  country  by  this  method  of  procedure  runs  annually  into  the 
millions. 

Many  of  our  cities  have  departments  with  architects  at  their 
head  who  have  developed  efficient  methods  of  school-house  planning 
and  who  have  established  certain  standards  for  guidance,  but  those 
standards  are  unknown  to  other  communities  because  no  central 
authority  has  recorded  the  facts  to  make  them  available  to  all. 

Few  persons  realize  how  small  a  percentage  of  the  floor  area  of 
the  modern  school  building  is  used  for  actual  instruction  purposes. 
The  agents  of  the  Massachusetts  Board  of  Education  selected  five 
of  the  best  types  of  High  School  Buildings  in  the  State  for  tabula- 
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tion  and  comparison.  In  these  modern  buildings  the  floor  area 
used  for  actual  instruction  purposes  is  only  31  to  37  per  cent  of 
the  total  area. 

Further  study  of  school  houses  may  show  how  this  percentage 
may  be  increased  and  how  the  tax-payer,  when  he  erects  a  new 
building,  may  secure  more  than  thirty-seven  cents  on  the  dollar  for 
direct  educational  work. 

The  school  architect  should  know  standards  of  safety  as  well  as 
of  installation  for  the  industrial  units  that  enter  into  the  planning 
of  school  buildings.  To  illustrate :  the  machine  room  in  a  school 
building,  equipped  only  a  year  ago,  had  the  lathes  so  crowded  that 
there  was  great  danger  of  injury  to  the  pupil  operatives.  Another 
had  the  horns  of  the  anvils  set  the  wrong  way  with  respect  to  the 
forges. 

Further  study  will  show  what  minimum  floor  spaces  are  con- 
sidered practical,  what  is  the  minimum  lighting  standard,  and  what 
should  be  the  minimum  spaces  for  setting  up  machines  of  various 
kinds  and  the  safety  devices  that  should  be  used. 

If  this  Association  should  adopt  minimum  standards  of  space 
for  classrooms,  laboratories,  coatrooms,  toilet  rooms,  storerooms, 
machinery,  etc.,  and  should  base  the  standard  in  each  case  on  the 
number  of  pupils  to  be  provided  for,  it  would  not  cause  all  new 
school  buildings  to  be  cast  in  the  same  mould.  Each  architect  would 
still  attack  his  problem  of  school  planning  in  his  own  way. 

The  adoption  of  minimum  standards  would,  however,  furnish 
him  with  that  information  which  he  now  seeks  from  scattered  and 
unrelated  sources.  He  has  no  comparable  data,  and  unless  he  is 
already  an  expert  and  can  analyze  and  classify  his  information  he 
is  liable  to  use  space  standards  which  should  not  be  applied  to  the 
problem  he  has  in  hand.  Further,  he  has  no  standard  of  percentage 
area  by  which  to  judge  economy  of  his  plan,  and  some  of  the  tabu- 
lations which  we  have  made  show  a  surprising  waste  of  floor  space 
in  buildings  that  are  considered  models. 

If  the  architect  or  superintendent  had  had  available  accepted 
minimum  standards  by  which  to  test  his  plan  he  would  have  sought 
out  the  cause  for  any  wide  departure  from  the  accepted  minimum 
standards,  to  the  benefit  of  his  building  and  the  public. 

With  minimum  standards  established  as  above  outlined,  the  school 
superintendent  or  committee  man  who  has  to  carry  out  the  erection 
of  a  new  building  will  proceed  as  follows: 

Having  determined  the  number  of  pupils  to  be  accommodated  by 
the  proposed  new  building  the  new  question  to  be  settled  will  be  the 
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size  of  the  building  and  then  its  probable  cost.  The  required  num- 
ber of  classrooms  will  be  derived  from  the  number  of  pupils,  since 
the  standard  classroom  should  accommodate  40  pupils.  The  num- 
ber of  class  rooms  will  then  fix  the  related  space.  By  related  space 
is  meant  the  space  required  to  successfully  carry  on  the  various 
activities  included  by  the  type  of  schools  of  the  proposed  new 
building. 

For  example,  a  school  of  a  known  number  of  pupils  will  include 
besides  the  classrooms,  wardrobes  for  clothing,  corridors,  and  stair- 
cases for  communication,  toilet  rooms  for  the  pupils,  rooms  for  the 
heating  apparatus,  and  others  according  to  the  type  of  school. 

These  are  the  related  spaces  and  their  area  has  definite  relation 
to  the  number  of  pupils  in  the  school.  I'hc  area  actually  required 
for  each  as  found  by  our  investigation  we  tabulate  as  a  minimum 
standard.  The  superintendent  knowing  the  type  of  school  he  re- 
quires and  the  number  of  pupils  to  be  accommodated  will  turn  to 
the  chart  for  buildings  of  similar  type  and  requirements  and  find 
worked  out  the  per  cent  areas  required  for  the  various  depart- 
ments that  go  to  make  up  the  entire,  building. 

Having  obtained  these  percentage  values  he  can  begin  with  the 
total  class  room  areas  as  a  unit  and  calculate  the  probable  total  area 
of  the  building.  For  example,  number  of  class  rooms  times  the  area 
of  standard  class  room  equals  the  per  cent  value  found  by  the  chart 
for  class  rooms  of  the  building  of  the  type  required. 

The  sum  of  the  total  square  feet  in  class  rooms  divided  by  ])L-r- 
centage  found  for  that  type  will  give  the  scjuare  feet  value  of  one 
per  cent.  It  is  then  only  a  matter  of  computation  l)y  the  percentage 
values  apportioned  to  the  various  departments  and  the  addition  of 
the  amount  of  square  feet  areas  to  give  the  total  approximate  area 
in  square  feet  required  for  the  building. 

Reversing  the  above  method  will  show  the  investigator  whether  a 
plan  which  he  is  inspecting  conforms  to  standard  type  in  economy 
of  plan.  The  percentage  area  in  square  feet  may  be  multiplied  by 
probable  height  of  stories  to  obtain  an  approximation  of  the  number 
of  cubic  feet  in  this  proposed  building. 

We  believe  that  the  results  of  this  research  will  be  of  great  benefit 
to  the  school  superintendents  and  architects  of  these  United  States 
and  will  enable  them  to  plan  more  efficient  buildings  and  toward  this 
end  we  shall  bend  every  energy. 

Frank  Irving  Coopp:r,  Chairwav. 
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HOT  WATER  HEATING  SYSTEM  OF  CRANE  CO. 
CHICAGO  WORKS 

Bv  F.  E.  McCr£ary,'  Chicago,  III. 
Non-Member 

Al'"ri{lv  considerahlc  lime  had  l)een  sjjcnt  investigating  the 
xarious  heating  systems  appHed  to  large  manufaottiring 
plants,  hot  water  heat  under  forced  circulation  was  adopted 
as  the  Ijest  system  to  install  for  the  jjarticular  conditions  at  the  new 
]jlant  of  the  Crane  Company.  The  plant  la\out  com])rises  KIO 
acres,  151  of  which  are  effecti\e  for  Ituilding  ])urposes.  It  is 
bounded  by  Kedzie  Ave.  on  the  east,  extending  back  to  the  Santa 
Fe  Railroad  shops  on  the  west,  1)\-  ."JDth  St.  on  the  north  and  i:!rd 
St.  on  the  south.  .\  total  building  frontage  of  "iliO  ft.  is  set  back 
]~)0  ft.  from  Kedzie  Ave. 

From  north  to  south,  the  buildings  are  divided  into  six  grou])s, 
lettered  from  A  to  F.  Fach  group  extends  westward  from  Kedzie 
.\ve.,  numbered  consecutively.  The  A  and  F""  groups  receive  the 
raw  material,  and  it  is  passed  through  the  works  systematically,  and 
the  finished  product  delivered  for  shipment  from  the  central  group. 

The  finished  plans  call  for  the  erection  of  about  fifty  buildings. 
having  a  floor  area  of  about  fifty  acres.  Most  of  the  buildings  arc 
of  the  two-story  type  with  no  basements.  The  office  building  front- 
ing the  center  group  is  five  stories  high.  All  the  buildings  are  of 
modern  reinforced  concrete  construction. 

The  comi)leted  manufacturing  plant  was  estimated  to  cover  the 
land  east  of  the  boiler  house,  and  the  total  estimated  amount  of 
radiation  to  be  about  450,000  .sq.  ft.,  of  which  at  present  exclusive 
of  the  office  building,  there  is  300,000  s(|.  ft.  in  service;  the  lialance 
is  to  be  completed  in  the  next  few  years. 

*  Engineer,   Crane  Comjiany,  in   charge   of  design   and   erection   of  system. 
Contributed    by    Illinois    Chapter.      Presented    at    the    Semi-Annual    Meeting    of    The 
.■\%fERiCAN    .Society   of    FlEATiNr.   axd   Vevtilatinc,   Ent.ineers,    Chicago,    111.,   Jidy,    1917. 
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The  boiler  plant,  described  hereinafter,  is  a  steam  service  station 
for  the  works,  supplying  power  for  air  compressors  and  heating 
equipment  only,  and  steam  for  domestic  hot  water  service,  testing, 
etc. ;  exhaust  from  compressors  and  pumps  is  turned  into  the  heating 
system  and  contributes  its  part  to  the  general  result. 

The  plant  is  divided  into  six  9-in.  circuits,  each  controlled  from 
the  boiler  house  direct.  As  the  office  building  would  have  to  be 
operated  at  times  when  there  was  no  need  of  heat  on  the  works,  and 
particularly  to  reduce  the  pumping  head  for  the  works  circuits,  a 
separate  and  duplicate  equipment  was  installed  for  this  building, 
which  at  present  contains  13,240  sq.  ft.  of  direct  radiation,  including 
the  mains.  The  equipment  in  the  boiler  house  was  made  large 
enough  to  handle  three  more  stories,  which  would  give  a  completed 
total  of  radiation  of  21,640  sq.  ft. 

The  office  building  supply  mains  are  so  arranged  on  the  ceiling  of 
the  fifth  floor  that  they  drop  to  the  floors  below,  and  so  the  first  one 
fed  is  the  last  one  picked  up  on  the  return  main,  which  is  located  on 
the  ceiling  of  the  first  floor. 

All  radiators  run  in  size  from  70  sq.  ft.  to  130  sq.  ft.  and  are  fed 
at  the  top  with  the  return  at  the  bottom.  The  size  of  feed  and  re- 
turn in  all  cases  has  been  made  one  inch,  each  supply  and  return 
having  a  brass  gate  valve  with  union  made  thereon.  All 
the  fittings  from  2  in.  and  down  are  standard  screwed  :  from  2) j  in. 
and  up  No.  1  long  sweep  ells  and  No.  2  long  sweep  double  branch 
elbows  and  crosses,  the  sweeps  turned  in  direction  of  flow.  These 
fittings  greatly  minimize  the  friction  in  the  system  and  tend  to  a 
more  rapid  circulation.  They  were  all  bushed  in  the  sand,  thereby 
cutting  down  the  number  of  screwed  joints. 

About  the  22nd  of  August,  a  year  ago,  on  a  very  cold,  raw  day, 
the  office  circuit  was  started  and  in  25  minutes  the  water  was  up  to 
110  deg. ;  then  the  heat  was  turned  ofl:'  and  the  building  was  very 
comfortable  the  rest  of  the  day. 

Length  of  travel  of  water  in  office  circuit  is  2630  ft.,  the  static 
head  on  office,  33  lb.,  the  pump  discharge  gauge.  48  lb.,  or  15  lb. 
maximum  friction  head  (34.88  ft.  or  1.33  ft.  per  hundred),  which 
is  well  within  the  limits  of  2  ft.  per  hundred  on  which  the  plant  was 
figured. 

We  have  divided  the  works  heating  system  ofl;  into  six  circuits, 
each  controlled  direct  from  the  boiler  house.  As  previously  men- 
tioned, this  arrangement  gave  a  less  static  head  to  work  against 
and  allowed  for  greater  flexibility  of  pumping  water  to  the  more 
exposed  buildings.  When  starting  up  the  works  system  it  ordinarily 
takes  4^  hours  to  bring  it  up  to  temperature. 
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The  boiler  house  and  buildings  are  connected  at  present  through 
the  following  lengths  of  tunnels : 

770  ft.  of  15  ft.  wide  tunnel. 
1310  ft.  of  8  ft.  wide  tunnel. 
1638  ft.  of     ()   ft.  wide  tunnel. 


Present      3718  ft.  of  tunnels. 

Proposed   126U  ft.  of     6   ft.    (future)    tunnel. 


Total         4978  ft.  of  completed  tunnel  system. 


FIG.    1.     SOUTH  FRONT   OF  THE   POWER  HOUSE  AT  THE  CRANE 
COMPANY   PLANT. 


Seven  expansion  pockets  are  provided  at  present  in  the  tunnel 
system  for  taking  care  of  expansion  of  all  the  piping  mains.  All 
the  mains  are  hung  on  10  ft.  centers  from  the  flanges  of  beams 
throughout  the  tunnel  system  which  are  left  bare  to  expedite  the 
hanging.  In  the  mains,  one-half  of  the  figured  expansion  was  taken 
up  cold ;  bends  were  used  wherever  possible. 

At  each  builcling  there  is  left  a  30  in.  square  opening  for  the 
lines  which  serve  it;  a  2  x  15  ft.  opening  in  ceiling  of  expansion 
pockets  and  a  2  x  8  ft.  opening  are  left  on  main  runs  of  tunnels  to 
facilitate  the  installation  of  the  piping.  Every  endeavor  has  been 
made  to  standardize  the  construction  as  far  as  possible. 

In  the  shop  buildings,  which  are  mostly  two-story  structures,  the 
supply  and  return  mains  are  hung  from  the  ceilings  of  the  second 
and  first  floors  respectively,  close  up  to  the  walls  above  the  win- 
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(lows,  so  ;is  to  lacililalc  llic  liaiit^iiij;  of  couiilcrshalLs,  clc.  Con- 
nections are  made  to  the  mains  so  that  the  first  coil  fed  is  tlie  last 
coil  picked  n])  on  the  return,  thereby  balancing  the  flow  of  water 
to  the  coils,  which  prevents  short  circtiiting  and  tends  towards  a 
tiniforni  distribtition  of  water.  To  further  regulate  the  supply  of 
water  to  the  coils  a  lock  and  shield  valve  is  installed  on  both  supply 
and  return  near  the  mains.     It  has  been  found  that  the  best  practice 


I 


FIG. 


INTERIOR  OF  THE  BOILER  ROOM. 


is  to  leave  the  feed  valve  wide  open  and  check  on  the  return.  One 
of  the  main  reasons  for  installing  lock  and  shield  valves  uas  to 
]jrevent  everybody  tampering  with  the  system. 

On  the  first  section  of  the  buildings,  the  size  of  feeds  and  returns 
was  cut  down  to  what  was  the  general  practice  for  gravity  work. 
Our  second  floor  coils,  now  the  feed  connections,  have  been  made  1  in. 
As  the  first  floor  coils  are  being  fed  on  a  drop  leg,  the  sizes  were 
made  larger  than  the  second  floor.     The  coils  are  made  of  1 '  _>  in. 
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pipe  and  are  eleven  pipes  high,  double  and  single.  They  are  mitered 
up  to  the  pilasters  between  the  windows.  All  the  coils  are  run  level 
and  are  supported  every  10  ft.  by  a  specially  designed  cast  iron 
support,  which  is  set  in  the  concrete  floor  and  held  to  window 
frames  with  two  ^g  in.  lag  screws  (see  Fig.  9). 

The  main  reason  why  pipe  coils  were  installed  instead  of  cast 
iron  radiation  is  that  the  pipe  coil  will  withstand  the  harder  shop 
service.     AH  suppl}'  and  return  connections  to  radiators  are  made 


FIG.  3.     HEATING  EQUIPMENT  AND  COMPRESSORS  IX   POWER  HOUSE. 


with  special  center  back-outlet  return  bends,  union  ells  and  tees  of 
the  railroad  type,  thereby  cutting  down  the  number  of  joints  to  a 
minimum.  The  setting  of  sleeves  in  floors  has  been  reduced  to  a 
standard,  thereby  expediting  the  work  of  steam  fitting. 

Air  Removal. — The  greatest  thorn  in  the  side  of  all  heating  sys- 
tems is  the  removal  of  air  therefrom.  The  greatest  trouble  with  all 
air  removal  devices  is  that  the  outlets  are  entirely  too  small  and 
any  dirt  from  the  lines  clog  them  up,  thereby  making  floats  stick, 
allowing  the  water  to  come  through.  Air  always  hunts  the  high 
points ;  and  as  all  radiators  on  this  job  have  a  top  feed  and  bottom 
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return,  the  air  works  up  through  the  coils  and  risers  to  the  feed 
main  on  the  second  floor  ceiHng. 

In  the  last  buildings,  the  ends  of  the  feed  mains  have  been  tied 
together  with  1  in.  lines  with  sediment  traps  (that  come  with 
traps)  which  connect  to  a  ^  in.  special  direct-return  air-venting 
trap,  located  above  the  feed  mains.  The  supply  side  of  this  trap 
is  connected  to  it  with  an  air  chamber,  which  in  turn  is  hooked 
up  to  the  aforementioned  1  in.  lines.  The  top  of  the  air  chamber  is 
connected  to  the  trap  body  with  a  ^  in.  armored  air  hose. 


^Hm  t 

I^^^'^WS^k:- 

l^p^Wi^^^3wtf^^ 

a».' 
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FIG.    4. 


DIFFERENTIAL   CONTROL  VALVE   FOR   CONTROLLING   HEATING 
SUPPLY  TO  BUILDINGS. 


The  water  rises  and  fills  the  trap,  and  as  the  air  comes  into  the 
system  it  rises  to  the  air  chamber  and  displaces  the  water  in  the 
trap  until  the  water  is  all  driven  out  when  the  counterweight  of 
the  trap  drops  and  releases  the  air  to  the  atmosphere,  after  which 
the  water  rushes  in  and  completes  the  cycle.  The  beauty  of  this 
scheme  is  that  it  embraces  a  sediment  trap  which  is  blown  out  occa- 
sionally and  it  vents  through  larger  size  openings.  One  trap  has 
been  in  operation  now  two  seasons  and  they  are  now  installed 
throughout  the  whole  plant.  The  relief  of  air  from  the  system  has 
a  great  deal  to  do  with  the  life  of  the  equipment  and  the  results 
obtained. 

Leaving  the  heating  equipment  in  the  buildings  and  entering  the 
tunnels  going  toward  the  power  house,  all  the  mains  of  the  buildings 
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are  connected  into  them  through  a  differential  control  valve  for 
controlling  the  amount  of  water  to  supply  the  radiation  in  each 
building.  A  J.  C.  Hornung  differential  control  valve  is  used  to 
regulate  the  difference  in  pressure  between  the  supply  and  return 
of  the  service  pipes,  as  otherwise  the  buildings  nearest  the  pumps 
would  circulate  under  the  greatest  differential  and,  due  to  the  fric- 
tion in  the  mains,  the  differential  would  decrease  toward  the  end. 

One  advantage  with  this  valve  is  that  it  can  be  adjusted  to  meet 
anv  change   in   amount  of   radiation   added   to   or  taken    from  the 


FIG.  i.     THE  MAIN  TUXXEL,  IS  FT.  WIDE. 


buildings.  The  valve  is  of  the  balanced  type,  actuated  by  a  dia- 
phragm and  is  installed  in  the  supply  serving  the  radiators.  Being 
of  the  self-contained  pattern,  no  control  pipe  is  needed,  as  the 
reduced  pressure  acts  internally  along  the  stem  upon  the  diaphragm. 
The  return  main  from  the  system  of  radiators  under  control  is  given 
a  connection  to  the  bottom  side  of  the  diaphragm,  so  that  the 
reduced  pressure  in  the  supply  main  acts  upon  the  top  side  of  the 
diaphragm  and  the  pressure  in  the  return  main  acts  upon  the 
opposite  side  of  the  diaphragm.  This  would  at  once  tend  to  place 
the  valve  in  such  a  position  that  no  water  would  pass  through  it, 
as  equal  pressure  will  prevail  on  either  side  of  the  diaphragm.  If 
now  the  adjusting  screw  is  turned  to  compress  the  spring  on  the 
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lever  side  of  the  diaphragm,  a  new  balance  prevails  whereby  the 
pressure  on  top  of  the  diaphragm  which  is  the  reduced  suppl)' 
pressure  must  equal  the  return  pressure,  plus  the  pressure  exerted 
by  the  spring. 

Tn  the  ]:)ractical  application  of  the  differential  valve,  the  spring 
pressure  represents  the  friction  head  in  the  system  of  radiator? 
under  control.     The  valve  is  adjusted  for  proper  friction  head  to 
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.^F.CTTOX    Cil-    TIIK   6    FT.    'riXXKL. 


maintain  the  desirable  circulation  and  maintains  the  head  or  dif- 
ferential regardless  of  fluctuations  in  either  supply  or  return. 

Regarding  the  figuring  of  mains,  a  friction  drop  of  2  ft.  in  lUU 
ft.  was  taken  as  a  base  on  which  our  plant  was  designed.  The 
longest  travel  of  the  water  from  the  pumps  through  the  mains  and 
Ijack  to  the  heating  equipment  is  4500  ft.  or  iM  lb.  maximum  fric- 
tion head,  or.  reduced  to  feet,  jiractically  Ui  ft.:  this  is  l.:.'  ft.  per 
100  ft.  run,  which  comes  well  within  the  limits  prescribed. 
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Two  pumps   were   in    service  this   past   winter   operating  at   the 
following  rate : 


I'VlUlp 
Xo.  1 
Xo.   -2 

Total 


Delivery 
gal.  per  miu. 

. . . .    rjooo 

. . . .     2323 


.Siieed 
r.p.m. 
1385 
IGOO 


I'erceiitiigo 
of  Rating 
86 


Kated    capac-ity 
3500  gal.  per  min.  at  1600  r.p.m. 
3500  gal.  per  min.  at  240O  r.p.m. 


5323  gal.   per  niiii 


5323  gal.  per  min.   for  300,000  sq.  ft.  of  radiation  reduced  to  lb. 
per  sq.  ft.  per  hour  at  an  average  temperature  of  ]25  deg.,  or  8.21 


FTG.   7.     JUNCTION  OF  THE   15   FT.   AND   8  FT.  TUNNELS. 


11).   ])er  gallon,  gives  8.75  lb.  of   water  per  sq.    ft.  i)er  hour.     The 
layout  was  estimated  on  9  lb.  of  water  per  sq.  ft.  per  hour. 

Two  5  X  ]2  ft.  expansion  tanks  are  connected  together  and  a 
3  in.  line  runs  down  and  is  connected  into  each  return  line  to  the 
pumps.  The  overflow  from  each  of  these  tanks  was  connected  into 
the  two  20,000  gal.  storage  reservoirs  under  the  test  room  floor: 
The  water  suppl\-  to  the  expansion  tanks  is  controlled  1)\-  a  float 
valve  and  the  expansion  tank  overflow  level  is  33lj  ft.  above  the 
boiler  room  floor  line.  The  highest  feed  main  is  30  ft.  above  the 
boiler  room  floor  line.     When  the  water  returns  to  the  boiler  house 
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it. goes  through  three  12  in.  vokite  pumps  driven  by  three  125  h.p. 
direct  connected  Kerr  steam  turbines.  The  writer  would  like  to 
advise  the  use  of  IGOO  r.p.m.  pumps  for  this  service,  instead  of 
2400  r.p.m.,  as  there  is  likely  to  be  less  trouble  with  the  slower  speed 
equipment. 

After  the  water   has  passed   through  the  pumps  and   the  three 


///////////AW//^^///. 


FIG.  9.     DETAIL  OF  PIPE  COIL  SUPPORTS  IN   BUILDINGS. 


.'5()00  s(j.  ft.  two-pass  type  heaters  of  -184  2  in.  b}-  11  ft.  long  tubes, 
it  is  returned  to  the  buildings  at  the  required  temperature  under 
the  control  of  a  Powers  system  of  temperature  regulation.  The 
flow  line  leading  from  each  heater  is  provided  with  a  thermostat, 
operated  by  compressed  air,  and  this  thermostat  controls  auto- 
matically a  diaphragm  valve  mounted  on  the  steam  supply  to  the 
heater.  The  thermostats  are  adjusted  over  a  considerable  range  of 
temperature  by  means  of  adjustment  switches  located  on  the  service 
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board  on  compressor  room  tloor.  This  service  board  carries  in 
addition  to  the  adjustment  switches  for  the  several  heaters,  a  set 
of  Bristol  temperature  recording  thermometers,  for  each  of  the 
heating  circuits.  These  thermometers  are  of  the  double  registra- 
tion type,  and  their  sensitive  bulbs  are  located  in  both  flow  and 
return  lines,  so ,  that  the  recording  charts  present  a  continuous 
record  of  the  water  temperature  as  it  leaves  the  power  house,  also 
as  it  comes  back.  The  operating  engineer  by  observing  the  outdoor 
weather  conditions,  may  set  his  adjustment  switches  to  send  the 
hot  water  out  on  the  various  circuits  at  the  proper  temperature  and 
thus  have  before  his  eye  or  ready  for  observance,  the  apparatus  and 
the  amount  of  heat  given  out  from  the  different  circuits  from  the 
time  the  hot  water  leaves  the  station  until  it  returns. 

Compressed  air  for  the  operation  of  this  system  is  supplied  by 
electric  motor  driven  comj^ressors,  installed  in  duplicate,  one  on 
each  side  of  the  service  board.  These  compressors  are  under  auto- 
matic control,  operating  onlv  when  necessary  to  maintain  the  1 5 
lb.  air  pressure  used  in  the  operation  of  the  control  system.  Along 
the  south  wall  of  the  compressor  room  are  indicator  floor  stands 
for  the  manipulation  of  the  main  valves  in  the  various  circuits. 

Condensation  and  Live  Steam. — -A  float  chamber  on  the  side  of 
a  heater  controls  the  removal  of  the  condensation  for  every  two 
heaters,  the  pump  discharging  into  two  open  feed-water-heaters 
operated  in  parallel  and  belonging  to  the  boiler  plant.  Should  the 
feed  water  heaters  be  out. of  service,  the  condensation  may  l)c  dis- 
charged into  the  large  service  reservoir  under  the  building. 

A  10  in.  connection  is  made  to  the  150  lb.  saturated  steam  .sup- 
plv.  This  10  in.  line  contains  a  Crane  strainer  and  branches  out 
into  two  6  in.  lines,  leading  into  two  6  in.  Crane  pressure  regula- 
tors which  reduce  from  150  lb.  pressure  down  to  3  lb.  back  pres- 
sure, which  the  air  compressors  run  under.  In  all  cases  where  pos- 
.sible  a  strainer  should  be  installed  which  would  aft'ord  protection 
for  the  regulator. 

Boiler  House. — The  boiler  house  which  serves  the  plant  is  lo- 
cated 920  ft.  back  from  Kedzie  Ave.  and  100  ft.  south  of  the  axis 
of  the  plant.  The  location  of  the  various  equipment  was  carefully 
studied  with  the  main  idea  of  accessibility  and  to  occupy  the  least 
amount  of  space. 

In  the  boiler  room  there  are  six  5080'  sq.  ft.  Babcock  &  Wilcox 
water  tube  boilers,  built  to  withstand  200  lb.  working  pressure,  and 
running  under   150   lb.   working  pressure.     Each  boiler   is   served 
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by  a  Bayonne  chain  grate  stoker  with  10^  sq.  ft.  of  grate  surface, 
a  ratio  of  1  to  50.  There  is  also  one  2540  sq.  ft.  Babcock  & 
Wilcox  water  tube  boiler  built  for  :350  lb.  working  pressure,  served 
])y  a  Bayonne  chain  grate  stoker,  with  51  sq.  ft.  of  grate  surface, 
a  ratio  of  1  to  50.  There  is  one  separately  fired  superheater  of 
ihe  three-pass  type  capable  of  raising  5000  lb.  of  steam  an  hour  at 
.'i50  lb.  pressure  to  a  total  temperature  of  800  deg. 


FIG.    10. 


r)i'>.\lK.STI(.    HOT    WATER     llK.ATKR.s    ASl)     IHMI 
BASEMENT    01-    POWER   HOUSE. 


KOO.M     l.\ 


l"he  boilers  and  superheater  are  served  by  a  steel  breeching  lined 
with  1^2  in.  of  vitrified  asbestos  board  and  jA  in.  asbestos  finish. 
Through  an  opening  of  131  sq.  ft.,  the  gases  arc  discharged  into 
a  Custodis  radial-brick  stack  having  an  inside  diameter  of  12^2  ft. 
and  rising  225   ft.  above  the  boiler  room  floor  line. 

Coal  is  taken  from  cars  by  a  Shepard  two-drum  monorail  crane 
equipped  with  a  1  ^  yard  bucket.  From  the  cars  to  the  bunkers 
the  crane  has  a  capacity  of  50  tons  of  coal  per  hour.  Individual 
bunkers  serve  each  boiler  and  coal  is  chuted  directly  to  stoker 
hoppers. 
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Steam  is  conveyed  from  each  battery  of  boilers  by  two  (5  in. 
leads  to  a  steel  manifold  in  the  basement,  and  this  manifold  has  an 
8  in.  connection  to  each  air  compressor,  and  also  an  8  in.  connec- 
tion to  the  main  10  iji.  steam  header  for  supplying  the  heating 
system.  There  is  also  a  5  in.  line  off  of  the  center  which  serves 
the  5  in.  auxiliary  header  supplying  the  pump  room.  Each  manifold 
has  a  drip  pocket  which  is  served  by  a  Cranetilt  non-return  trap 
that  returns  the  condensation  to  the  feed  water  heaters.  The  in- 
stallation of  these  manifold  headers  takes  all  the  steam  from  the 
boilers  to  the  lowest  point  in  the  system,  where  it  is  relieved  of  a 
large  part  of  the  condensation,  thereby  reducing  the  liability  of 
water  going  over  into  the  air  compressors.  Steam  to  the  air  com- 
pressors is  passed  through  extra-heavy  receiver  steam  separators,  of 
ample  size  to  reduce  pulsations. 

Water  Supply. — A  10  in.  city  water  line  extends  the  full  length 
of  the  pump  room  to  supply  the  various  pumps  and  heaters.  Two 
;>  in.  lines  serve  two  reservoirs  each  of  20,000  gal.  capacity,  located 
under  the  test  room  floor.  These  reservoirs  serve  the  pum])s 
through  a  12  in.  suction  line,  the  end  of  which  terminates  in  the 
4,000,000  gal.  pond  out  west  of  the  boiler  house.  The  boilers  are 
served  by  two  Blake-Knowdes  pot-valve  i)lunger  pumps,  each  rated 
to  handle  4000  boiler  h.p.  There  is  a  specially  designed  cast-steel 
air  chamber  connected  on  the  discharge  of  each  pump  and  anchored 
to  the  ceiling;  these  chambers  each  weigh  2200  lb.  These  ]:)umps 
take  their  water  from  two  2500  h.p.  Cochrane  open-type  feed  water 
heaters. 

Air  Compressors. — The  air  compressor  plant  consists  of  two  2500 
cu.  ft.  and  two  4375  cu.  ft.  cross  compound  Alhs-Chalmers  air  com- 
pressors, delivering  air  at  90  lb.  pressure  to  the  works,  a  total  com- 
bined installed  capacity  of  13,750  cu.  ft.  The  high-pressure  air 
cylinders  from  each  engine  discharge  into  a  receiver  and  through 
leads  from  each  of  these  receivers  to  a  12  in.  air  main,  which  ter- 
minates in  8  in.  north  and  south  mains  in  the  east  lateral  tunnels. 

The  large  foundry  buildings  on  the  north  and  south  of  the  works 
have  5  in.  mains  running  the  entire  length  of  the  buildings.  These 
5  in.  mains  each  have  three  42  in.  x  10  ft.  diameter  receivers 
connected  to  them.  There  are  at  present  installed  in  the  various 
buildings  nineteen  of  these  receivers,  which  are  all  tested  to  165 
lb.  hydrostatic  pressure.  On  all  the  air  piping  standard  malleable 
screwed  fittings,  standard  gate  valves  and  Crane  mine  cocks  were 
used. 
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Hut  Water. — The  hot  water  for  domestic  service  is  supphed  by 
two  Baragwanath  type  heaters  of  5000  gal.  per  hour,  each  5^  ft. 
(hameter  by  10  ft.  long,  having  490  sq.  ft.  of  1^  in.  No.  15  gauge 
brass  tubes  4G  in.  long.  The  exhaust  steam  is  supplied  through  a 
Powers  regulator  diaphragm  valve  and  the  make  up  steam  through 
a  Crane  pressure  regulator.  Three  Worthington  Kerr-turbine- 
driven  pumps  serve  the  above  heaters  and  deliver  the  water  to  the 
(\  in.  circulating  mains  throughout  the  tunnels. 


FIG.    11.     TEMPERATURE   REGULATION    SERVICE  BOARD   IX  THE 
POWER  HOUSE. 


All  the  pijjing  on  domestic  hot  water,  air  lines,  service  and  heat- 
ing mains  in  the  tunnels  is  standard  steel  pipe  with  standard  ferro- 
steel  Cranelap  flanged  pipe  and  ferro-steel  flanged  fittings  from 
CI  in.  and  up  ;  from  2^  in.  to  G  in.,  the  piping  is  standard  cast  iron 
flanged  and  from  2  in.  and  down  it  is  standard  cast  iron  screwed. 
There  is  also  an  8  in.  service  main  which  serves  the  boiler  house, 
filling  the  heating  system  and  fire  service  throughout  the  works. 
The  aforementioned  pumps  can  be  used  either  on  service,  domestic 
water  lines,  air  compressor  jackets,  or  ice  machine  coils. 
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Drinking  Water  Supply. — A  thirty  ton  Carbondale  absorption  re- 
frigerating system  cools  the  water  for  140  drinking  fountains  now 
installed.  About  225  fountains  will  be  in  service  when  the  works 
are  completed.  The  generator  is  built  for  50  tons  capacity  and 
additional  condenser  coils  will  be  installed  in  the  near  future.  The 
ice  machine  and  air  compressor  jackets  are  supplied  through  an  8 
in.  suction  line  from  a  jiond  of  4.000,000  gal.  to  the  west  of  the 
boiler  house  by  an  800  gal.  Lea-Courtenay  turbine  driven  centrifugal 
pump. 
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No.  453 
VENTILATION  OF  ARMY  BARRACKS 

By  W.  J.  Mauer',  Chicago,  III. 
Non-Member 

IX  presenting  a  paper  on  this  subject  before  a  society  of  heating 
and  ventilating  engineers  it  is  unnecessary  to  enter  into  a  dis- 
cussion of  the  vakie  of  pure  air.  Upon  study  of  existing  tem- 
porary barracks  and  those  about  to  be  built  for  the  increased 
national  army,  it  is  quite  evident,  however,  that  to  make  this  paper 
of  value,  not  only  to  heating  and  ventilating  engineers,  but  also  to 
tlic  ])ublic  as  a  whole,  and  to  the  United  States  Government  par- 
ticularly in  its  present  crisis,  it  will  be  necessary  to  repeat  things 
that  have  been  told  time  and  again  at  previous  meetings. 

It  is  not  to  be  expected  that  the  Government  can  listen  to  every 
criticism,  for  at  this  time  everything  and  everybody  is  being  criti- 
cized. The  intention  of  the  writer  is  not  to  criticize  but  to  bring 
out  some  defects  in  construction  of  the  new  barracks  from  a  stand- 
])()int  of  ventilation  and  sanitation.  The  criticism  is  against  this 
.^(K'iety  whose  duty  it  is  to  evolve  some  standards  that  have  been 
very  carefully  worked  out.  It  is  also  the  duty  of  the  Society  to 
educate  the  ])ublic  in  the  needs  of  good  ventilation  and  the  proper 
tem])ering  of  air. 

Tlie  necessity  of  ventilation,  although  not  entirely  overlooked  in 
tlic  army,  is  not  given  ])roper  weight.  This  is  also  true  in  civil  life. 
1  oo  tre(|uently  }ou  will  find  people  of  average  intelligence  and  ver\' 
little  experience  and  knowledge,  endeavoring  to  s])ecify  what  the 
\entilation  eriuipment  for  a  building  should  be.  Consequently  we 
lia\e  a  hundred  different  ideas,  and  the  problem  of  ventilation  today 
stands  in  bad  repute — not  because  of  lack  of  knowledge  on  the  sub- 
ject hut  because  of  a  lack  of  tmiformity  of  opinion.  Anv  person 
feels  himself  competent  to  criticize  ventilation  and  even  argue  that 
an  njien  window  here  and  there  is  all  that  is  necessary. 

'  Division   of   Ventilation,    Dept.    of   llcaUli    of   Chicago. 

I'respntpf]    at    tlir,   ,Semi-Annii-il    Afepting  of   Tmk    Amkrkan    Society    of    TIkating   and 

V'knTIIATIM,    r'.NT.INF.F.RS,    CllicaRO.    Jlllv.     ]•)]?. 
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Ventilation  is  a  definite  problem  ;  although  varying"  under  different 
conditions,  yet  each  case  has  its  definite  solution.  The  haphazard 
method  of  opening  a  window  here  and  there  is  not  the  solution.  The 
proper  arrangement  of  supply  and  exhaust;  the  proper  allowance 
of  window  space  for  air  space;  the  proper  window  height  for  room 
height ;  the  proper  space  per  occupant,  and  the  proper  air  distribu- 
tion and  air  velocity  is  as  definite  a  problem  for  the  heating  and 
ventilating  engineer  as  the  proper  proportioning  of  flange  area  and 
web  area  in  a  plate  girder  is  to  the  structural  engineer,  or  brilliancy 
of  light,  size  of  lens  opening,  and  time  of  exposure  is  to  the 
photographer. 

That  some  of  the  vital  points  on  proper  housing  have  in  the  past 
been  overlooked  in  the  design  of  barracks  is  evident  from  the 
diseases  that  existed  in  camps.  Young  men  from  all  walks  of  life 
are  now  concentrating  at  various  training  points  and  as  many  as  200 
are  being  housed  in  the  same  building.  If  any  one  of  these  has  measles, 
mumps,  meningitis,  pneumonia  or  other  diseases,  the  entire  nimi- 
ber  in  that  building  is  exposed  to  the  same  disease  and  this  is 
especially  dangerous  when  the  air  .supply  is  inadequate  and  other 
points  of  sanitation  are  disregarded. 

In  a  recent  article  by  Frederic  J.  Haskin,  special  corresponrlent 
for  The  Chicago  Daily  News,  the  conditions  of  the  French  army  in 
the  present  war  were  given.  He  states  that  France  has  discharged 
200,000  soldiers  on  account  of  tuberculosis  since  the  beginning  of 
the  war,  and  the  spread  of  the  disease  in  the  British  army  has  been 
such  that  the  civilian  population  lias  organized  to  combat  the  situa- 
tion. This  comes  at  a  time  when  France  is  making  a  struggle  for 
existence.  The  fault  is  not  with  the  French  army  but  with  the 
French  people,  and  when  I  say  this  I  mean  the  French  medical  and 
engineering  societies.  Before  the  war  the  death  rate  from  tubercu- 
losis was  nearly  three  per  thousand  of  population,  in  the  cities  the 
percentage  running  much  higher.  The  cause  was  found  by  the 
Americans  in  France  who  formed  a  committee  for  investigation.  It 
was  given  as  lack  of  fresh  air.  The  French  are  far  advanced  in 
the  science  of  anaesthesia  and  surgery,  but  backward  in  sanitary 
matters.  The  committee  proceeded  to  educate  the  public  on  the 
value  of  fresh  air  and  now  windows  are  being  sawed  in  hundreds 
of  peasants'  homes  which  boasted  of  none  before  the  war.  The 
propaganda  of  fresh  air  and  sanitation  is  having  its  effect. 

Nothing  has  proved  more  discouraging  to  the  fighting  forces  in 
Europe  than  the  verdict  of  the  army  physician — "woimded  with 
tuberculosis,"  a  verdict  which  should  be  to  Americans  both  a  call 
for  help  and  a  cry  of  warning. 
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The  science  of  warfare  from  the  standpoint  of  destruction  of  life 
and  property  has  progressed  to  a  most  terrible  degree  in  the  present 
war.  The  medical  profession,  too,  has  made  wonderful  progress, 
but  the  biggest  discovery  that  the  medical  profession  ever  made  is 
that  "an  ounce  of  prevention  is  worth  a  pound  of  cure." 

There  have  been  not  less  than  seven  billion  lives  lost  in  warfare. 
Each  nation  to  conquer  and  become  a  world  leader  has  had  something 
new  to  defeat  the  old.  The  Persians  trusted  to  numbers  and  brute 
force,  but  Greece  conquered  them  with  the  phalanx.  The  Pelo- 
ponnesian  war  was  won  by  Sparta  by  the  phalanx.  Rome  made  an 
innovation  and  conquered  the  world  with  the  open  formation. 
Gunpowder  played  the  next  important  part  and  won  over  archery. 


FIG.    1.     VIEW   OF    STREET   IX    OFFICERS'   RESERVE  TRAINING   CAMP 

\\'ith  our  problems  of  transportation,  observation,  communica- 
tion, construction  and  destruction  worked  out  to  the  present  high 
standard  it  is  a  reflection  on  our  civilization  to  have  the  problems 
of  health  and  sanitation  lag  so  far  behind. 

Napoleon  in  one  day  annihilated  the  entire  armies  of  Prussia, 
Russia  and  England  and  entered  Berlin  in  1806.  He  humiliated 
Russia  in  1807,  his  peninsular  campaign;  his  war  with  Austria  and 
his  war  with  Spain  were  continuous  exhibitions  of  the  power  of  the 
French  bayonet.  But  what  of  the  march  through  Russia  in  1812? 
The  army  of  hunger,  cold  and  disease  practically  annihilated 
Napoleon's  army ;  they  humiliated  "The  Man  of  Destiny"  and  to- 
day stand  out  in  history  as  an  exhibition  of  the  real  power  of 
hunger,  cold  and  disease  against  the  best  generaled  army. 

Longmore's  and  other  tables  show  that  in  the  wars  of  the  past  two 
hundred  years,  which  were  for  a  prolonged  period,  20  per  cent  of 
the  total  deaths  were  from  bullets  and  80  per  cent  from  disease,  and 
tc)m])aring  this  with  our  Spanish-American  war,  7  per  cent  of  deaths 
were  from  bullets  and  93  per  cent  from  disease. 
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Japan  has  done  more  towards  preventing  disease  than  any  other 
country  and  in  its  war  with  Russia,  six  years  after  our  war  with  Spain, 
Japan  showed  a  loss  of  four  men,  or  80  per  cent,  in  battle  to  one 
man,  or  20  per  cent,  from  disease.  This  is  not  the  result  of  good 
fortune  but  of  precaution.  After  making  a  careful  and  scientific 
study  of  army  diseases,  the  rules  were  laid  down  by  the  best  au- 
thorities in  Japan  dnd  obeyed  to  the  letter  by  the  army.  There  was 
no  vaccination  for  typhoid  and  yet  there  was  practically  no  typhoid. 
The  army  marched  through  Manchuria,  which  peninsula  is  infested 
with  human  refuse,  but  the  army  was  immune  from  the  disease 
because  their  drinking  water  was  tested  and  approved  before  being 
consumed. 

Japan  has  demonstrated  to  the  world  the  strength  of  a  healthy 
army  as  against  the  weakness  of  a  diseased  army. 

We  are  now  eleven  years  in  advance  of  the  Russo-Japanese  war 
and  have  all  the  disasters  of  previous  wars  before  us.  Have  we 
learned  all  that  they  tried  to  teach? 

Feeble  attempts  have  been  made  to  establish  standards  for  armies 
of  various  countries.  The  cubic  feet  of  space  allowed  per  soldier 
in  barracks  varied  from  time  to  time,  and  in  various  countries,  but 
the  general  tendency  has  been  to  increase  the  space. 

French  infantry   421  cu.   ft. 

French  cavalry 491  cu.   ft. 

Prussian  army    631  cu.   ft. 

The  English  government  found  by  Royal  Commission  that  60<t 
cu.  ft.  was  sufficient,  provided  "local  position  of  barracks  be  open 
and  airy;  the  structure  of  building  simple  and  admitting  free  exter- 
nal and  internal  movement  of  atmosphere,  and  provided  the  barrack 
rooms  as  well  as  all  internal  parts  of  the  building  are  duly  ven- 
tilated." This  shows  that  the  subject  has  been  given  some  thought, 
but  what  engineer  would  specify  "admitting  free  external  air,  allow 
internal  movement  of  air  and  the  building  shall  be  duly  ventilated?" 
This,  however,  has  been  made  a  part  of  the  regulations  of  the  Eng- 
lish Army.  An  inspector  must  inspect  monthly,  examining  the 
ventilation,  heating,  light,  latrines,  closets  and  all  other  parts.  Be- 
sides this,  the  regiment  details  a  certain  number  of  men  to  give  these 
points  a  daily  inspection. 

IIE.ATING   OF    BARKACK.S  , 

Shall  the  men  in  our  army  barracks  be  subjected  to  extreme 
changes  in  temperature  and  thus  become  physically  hardened? 

At  first  glance  it  would  seem  that  to  prepare  an  army  for  war 
the  proper  procedure  would  he  to  break  away   from  our  artificial 
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manner  of  living  and  expose  our  men  to  heat  and  cold  alike  and  pick 
the  survivors  as  those  best  fit  to  serve  us  at  the  front ;  in  fact,  it  has 
been  stated  there  should  be  no  heat  supplied  to  barracks  and  that 
the  exposure  will  harden  the  men  and  make  them  more  fit  for 
service. 

A  statement  like  this  is  fundamentally  wrong  and  coming,  al- 
though unofificially,  from  men  in  the  army  it  should  immediately 
be  argued  down.  The  first  tendency  for  men  in  a  cold  room  is  to 
close  the  windows  and  fill  up  all  openings  with  papers  and  rags  and 
thus  prevent  the  free  entrance  of  fresli  air  and  the  exhaust  of  foul. 
The  next  inclination  is  for  the  men  to  huddle  in  one  corner  of  the 
room  and  keep  warm  l)v  an  interchange  of  l)ody  heat.     The  results 
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BARRACKS    AT    OFFTCKRS-    RFSERNF    TRAINIXC;    C.\MP 


ju  health  from  this  kind  of  housiui?'  are  too  well  known  t( 


dis- 


cussed at  this  time. 

It  might  be  possible  to  give  orders  against  the  closing  of  windows 
and  against  the  crow^ding  of  men  into  corners  of  the  room,  as  men- 
tioned above,  and  let  us  assume  that  these  orders  can  be  followed  out 
to  the  letter,  the  following  will  be  the  result:  Air  that  is  cold 
causes  lack  of  activity,  requires  more  food,  causes  a  lowered  vitality, 
and  the  army  wall  show  loss  of  energy  and  enthusiasm.  The  argu- 
ment of  "survival  of  the  fittest"  is  wrong  today — the  tendency  is 
to  conserve  and  build  up. 

It  is  against  all  good  argument  and  reasoning  to  house  a  man  in 
a  room  with  a  temperature  lower  than  10  deg.  above  the  freezing 
point  of  water.  A  German  authority  on  army  camps  gives  12  deg. 
cent,  or  53^  deg.  fahr.  as  a  minimum.  The  temperature  should  not 
be  too  constant,  to  prevent  monotony,  and  a  variation  from  -15  to 
55  deg.  fahr.  would  be  invigorating  and  conducive  to  phvsical 
activity. 
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The  barracks  that  are  heated  by  stoves  will  be  subject  to  con- 
siderable drafts.  The  heat  of  a  stove  is  lucal ;  those  close  by  will 
be  too  warm  while  those  further  away  will  be  too  cold.  A  stove 
requires  constant  attention  and  is  the  source  of  considerable  dusl 
and  dirt,  not  to  mention  the  danger  of  fire  in  the  Imilding. 

BARRACKS    AT    OFFICERS"    RESERVE   TRAINING   CAMPS 

The  barracks  that  are  being  built  by  our  government  for  the  care 
of  men  enlisted  in  the  Officers'  Reserve  Training  Camps  are  as 
follows : 


-■/?sJ«lraSiFf*l'l-' 


FIG.  3.     INTERIOR  VIEW  OF  BARRACKS  AT  OFFICERS'  RESERVE 
TRAINING  CAAIP 


There  are  four  buildings  required  to  house  one  company,  two 
buildings  being  used  for  sleeping  quarters,  one  as  mess  hall  and  one 
for  wash  rooms,  shower  room  and  toilets. 

We  are  chiefly  interested  in  the  sleeping  quarters  or  barracks 
proper.  These  buildings  as  reproduced  from  measurements  and 
photographs,  are  of  wood  construction,  125  ft.  long  and  20  ft. 
wide.  One  end  of  each  is  used  for  office  purposes  and  for  officers" 
quarters  and  is  separated  from  the  remainder  of  the  building  by  a 
wood  partition  extending  to  the  roof.  The  main  portion  of  the  room 
is  used  by  80  men  and  is  111  ft.  long. 

The  roof  is  quarter  pitch,  built  of  %  in.  material  and  covered  with 
roofing  felt  saturated  with  asphalt.  The  sides  are  Ji  in.  material 
with  batten  strips  on  the  outside.    The  sides  are  brought  within  3  in. 
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of  the  roof  and  this  space  is  open,  allowing  the  free  admission  of 
air.    This  space  as  well  as  the  doors  and  windows  are  screened. 

These  windows  are  2  ft.  9  in.  wide  by  2  ft.  11  in.  high  and  there  are 
28  in  the  main  room,  13  on  each  side  and  2  at  one  end.  These  win- 
dows slide  horizontally  and  can  be  opened  their  full  area.  There 
are  six  doors  in  the  main  room,  three  on  each  side,  and  each  door 
is  32  in.  wide  by  6  ft.  8  in.  high. 

The  barracks  are  lighted  by  electricity  with  60  watt  lamps  on 
10  ft.  centers,  located  on  the  rafters  and  along  the  center  line  of 
the  buildinfr. 


FIG.   4. 


VIEW   IN    B.\RR.\CKS    SHOWING   WINDOW   AND   SHELF,    AND 
ARRANGEMENT    OF    COTS 


There  are  four  openings  in  the  roof  with  metal  stacks  for  stove 
heaters,  three  being  in  the  main  room  and  one  in  the  office  quarters. 

The  buildings  are  of  open  construction  and  as  they  now  stand, 
would  be  very  unsatisfactory  during  severe  winter  weather.  This, 
however,  can  easily  be  overcome  by  lining  with  wallboard  or  similar 
material  and  allowing  an  air  space  between  it  and  the  outer  wall. 
The  space  at  the  eaves  would  need  to  be  nailed  tight  or  provision 
made  for  opening  and  closing  at  will  in  cold  weather. 

The  cots  are  arranged  along  the  wall,  transversely  to  the  room, 
with  the  head  end  about  6  in.  from  the  side  wall.  The  windows  are 
42  inches  above  the  floor  and  at  this  height  there  is  a  12  in.  shelf 
against  the  wall.     This  shelf  is  used  for  books  and  other  personal 
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belongings  and  serves  as  a  shield  for  the  sleeper's  head  from  the 
direct  draft  of  the  window. 

As  there  are  80  men  in  the  main  room  each  man  has  an  allowance 
of  250  cu.  ft.  of  air  space,  28  sq.  ft.  of  floor  area  and  2.8  sq.  ft.  of 
window  area.  Based  on  the  experience  of  tests  made  in  other  bnild- 
ings,  it  is  predicted  that  the  CO2  will  rnn  as  high  as  12  parts  per 
10,000. 

There  is  no  provision  for  wardrobes  and  a  ratter  on  alternate 
roof  trusses  makes  a  convenient  place  for  the  men  to  hang  their 
clothing.  This  is  clearly  shown  in  the  illustration  in  Fig.  3.  The 
dust  will  run  high  and  if  the  clothing  is  damp  there  will  be  consider- 


FIG. 


MESS  HALL  IN  BARRACKS  AT  OFFICERS'  RESERVE  TRAINING  CAMP 


able  odor.  But  the  dangerous  feature  of  this  practice  is  the  possi- 
bility for  the  spread  of  disease  germs. 

The  cots  are  too  close  together.  They  are  standard  arm.y  canvas 
top  cots,  6  ft.  6  in.  long,  27  in.  wide  and  14  in.  from  the  floor.  They 
are  arranged  in  pairs,  17  in.  between  pairs,  which  gives  6  ft.  centers 
of  pairs. 

The  interior  of  the  barracks  are  smooth  finished  but  have  not  as 
yet  been  painted  or  whitewashed. 

At  each  entrance  is  a  shoe  scraper  about  30  in.  long  and  20  in.  wide, 
built  of  2  X  %  in.  wood  strips  set  vertically  with  Ji  in.  space 
between  them.  This  scraper  also  serves  as  a  door  step.  It  is  an 
excellent  device  for  cleaning  the  shoes  before  entering  the  barracks 
and  helps  considerably  to  keep  down  the  dust. 
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BARRACKS  FOR  THE  DRAFTED  MEN 

Washington  has  recently  disclosed  the  plans  for  the  barracks  for 
the  Army  of  Drafted  Men.  They  are  somewhat  different  from  the 
barracks  just  described.  They  are  two  stories  high  with  sleeping 
quarters  for  200  men  and  each  containing  its  own  kitchen  and  mess 
room,  while  the  toilets  are  in  separate  buildings. 

Each  barrack  is  4;>  ft.  wide  and  MU  ft.  long,  ^^0  ft.  of  which  is 
but  one  story  high  and  is  used  as  a  kitchen.  The  ceilings  are  !)  ft. 
high.  On  the  first  floor  is  a  room  with  ;32  double  deck  bunks,  another 
room  as  the  Company  hall,  and  next  to  this  the  mess  hall  with  the 


FIG.  6.     VIEW  IX  TOILET  AT  BARRACKS.  SHOWIXG  WASH   ROOM  ADJACENT 


kitchen  at  the  end.  On  the  second  floor  are  2  rooms  for  sleeping 
purposes,  one  for  3G  bunks  and  one  for  32  bunks.  Between  these 
two  rooms  are  the  First  Sergeant's  ofifice  and  a  large  hall. 

The  buildings  are  of  wood  construction  with  metal  roofs.  The 
side  boarding  must  give  a  15  in.  clear  space  above  the  ground  or 
be  carried  down  to  the  ground  all  around. 

On  the  first  floor,  space  is  provided  for  four  stoves.  The  smoke 
pipe  of  each  stove  is  provided  with  a  drum  on  the  second  floor.  There 
will  be  eight  vent  ducts  18  x  18  in.  set  in  pairs  and  extending  from 
the  first  floor  ceiling  to  the  ridge  vent.  The  ridge  vent  runs  the 
entire  length  of  the  building. 

There  is  an  allowance  per  occupant  of  300  cu.  ft.  of  air  space, 
33  -  1/3  ft.  of  floor  area  and   1.5  sq.  ft.  of  window  area.     It  is  pre- 
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dieted  that  the  CO^i  will  run  from  10  to  12  parts  per  10,000  unless 
the  windows  are  very  carefully  adjusted.  The  windows  are  of  the 
double-hung  vertical  sliding  sash  type. 

The  arrangements  of  bunks  is  better  than  in  the  barracks  pre- 
viously described,  in  that  they  are  further  from  the  wall,  but  it  is 
still  a  question  in  the  minds  of  some  whether  double  deck  bunks 
are  as  satisfactory  as  the  single. 

The  dust  count  will  probably  be  high.  Men  will  come  from  out 
doors  and  their  clothing  will  be  dirty  or  dusty  and  there  will  be  a 
great  temptation  to  brush  the  clothing  or  shake  it  before  placing  in 
the  lockers.  It  seems  that  both  from  a  dust  and  bacterial  standpoint 
it  would  be  much  better  to  have  the  lockers  in  a  separate  room  by 
themselves,  as  for  instance  in  the  hall  shown  on  the  second  floor. 

With  this  method  of  heating  it  is  impossible  that  full  use  of  the 
windows  will  be  made  in  cold  weather  and  we  can  expect  not  over 
three  air  changes  per  hour,  which  will  give  a  supply  per  occupant 
of  15  cu.  ft.  per  minute,  which  is  insufficient  to  maintain  satis- 
factory conditions  and  will  give  11  parts  of  CO2  per  10,000.  The 
apparent  solution  is  to  increase  the  space  per  occupant,  which  will 
necessarily  increase  the  air  supply. 

It  is  to  be  regretted  that  tests  of  actual  conditions  are  not  avail- 
able and  it  was  our  intention  to  make  special  tests  for  this  article, 
but  on  account  of  the  season  of  the  year  and  the  present  unfinished 
condition  of  the  barracks  this  was  found  impractical. 

In  Dr.  John  S.  Billings'  report  dated  1868,  the  following  was  read 
with  a  great  deal  of  interest:  "Dr.  Craig's  test  for  air  conditions  in 
a  barrack  is  simple  and  practical,"'  and  it  is  described  as  follows : 
"Go  into  the  room  about  3:00  A.M.  after  15  minutes'  w^alk  in  the 
fresh  air.  If  no  musty,  unpleasant  odor  is  perceived  under  such 
circumstances,  the  ventilation  is  probably  satisfactory." 

The  barracks  as  described  above  wnll  probably  pass  the  test  as 
outlined  by  Dr.  Craig.  This  test,  however,  would  prove  no  more 
than  the  taste  of  water  would  disclose  the  presence  of  typhoid 
bacilli. 

SUGGESTED    SPECIFICATIONS    FOR    ARMY    B.\RR.\CKS 

Dr.  Arthur  Reynolds,  former  Health  Commissioner  of  Chicago, 
gives  some  very  valuable  suggestions  in  his  article  on  Ideal  Train- 
ing Camps,  which  article  appeared  in  the  July,  1917,  issue  of  The 
Chicago  Medical  Recorder.  One  suggestion  is  to  limit  the  barracks 
to  two  men.  There  would  be  a  lack  of  sociability  among  the  men  and 
for  this  reason  and  several  other  reasons  it  seems  that  a  Squad 
House,  caring  for  eight  men  (a  corporal  and  seven  privates)  would 
be  more  desirable ;  this  number,  however,  should  be  the  maximum. 
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The  Squad  House  shall  contain  eight  bunks  with  separate  room 
for  wardrobes  at  one  end  and  toilets  at  the  other.  It  should  not 
be  necessary  for  a  man  to  leave  the  building  for  toilet  or  washing 
purposes.  There  shall  be  windows  on  all  four  sides  of  the  squad 
house.  A  detailed  drawing  of  the  squad  house  as  designed  by  the 
writer  is  shown  in  Fig.  10.  It  will  be  noted  that  with  the  arrange- 
ment of  windows,  radiators  and  cots  no  man  will  be  subjected  to 
drafts  at  his  head.  The  allowance  of  window  space,  floor  space  and 
air  space  per  occupant  is  that  which  is  necessary  for  proper  housing. 

The  Temperature  shall  vary  from  time  to  time  between  45  deg.  and 
55  deg.  unless  the  outside  temperature  is  below  10  deg.,  under 
which  condition  40  deg.  above  outside  temperature  shall  be  main- 
tained. 

Heat  shall  be  supplied  from  a  central  steam  heating  plant,  with  a 
proper  amount  of  radiation  in  the  squad  house  to  furnislr  the  above 
temperature  and  still  allow  the  windows  to  be  opened  sufficiently  to 
supply  at  least  25  cu.  ft.  of  air  per  minute  per  occupant. 

The  following  shall  be  a  minimum  allowance  per  occu])ant : 

600  cu.   ft.  of  Airspace 
GO  sq.   ft.  of  Floor  Area 
6  sq.   ft.  of  Windozv  Area. 

Dust  shall  not  rise  to  more  than  5,000  particles  per  cubic  foot. 

Bacteria  count  shall  not  be  over  4  on  a  3^  in.  Petrie  dish  exposed 
2  minutes. 

There  shall  be  a  90  per  cent  freedom  from  Odors. 

The  IVindozvs  shall  be  double-hung  vertical  sliding  sash  type. 
capable  of  being  opened  both  at  top  and  bottom  so  that  the  air  may 
be  introduced  at  a  high  point  and  may  be  thoroughly  diffused  before 
coming  into  the  breathing  zone. 

The  windows  shall  be  on  all  sides  of  the  building  to  secure  a  uni- 
form Distribution  of  fresh  air  throughout  the  room.  The  sill  shall 
be  not  less  than  3  ft.  above  the  floor. 

The  Cots  shall  be  uniformly  distributed  throughout  the  squad 
house  and  shall  never  be  placed  closer  than  9  in.  from  any  wall. 

There  shall  be  a  separate  room  for  the  men's  Wardrobe  and  a 
separate  room  for  the  Toilet,  preferably  at  one  end  of  the  squad 
house,  and  care  should  be  taken  that  the  air  supply  to  the  sleeping 
quarters  is  not  affected  by  these  rooms. 

All  interiors  shall  be  smooth  finish  and  shall  be  Painted  or  Lime- 
7i'ashed  before  occupancy  and  every  three  months  thereafter. 

Dust  Pockets  shall  be  avoided  and  care  taken  to  keep  the  room 
free  from  dust  and  dirt. 
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DISCUSSION 

F.  R.  Still:  Do  you  know  anything  about  the  provisions  that 
have  been  made  to  heat  the  barracks? 

The  Author  :    There  were  four  stoves  in  each  barrack. 

F.  R.  Still  :  Do  you  know  anything  about  the  provisions  for  the 
camp  in  the  South?  The  general  information  is  that  ultimately  the 
troops  from  the  North  will  be  moved  into  the  South  this  winter. 

The  Author  :  They  intend  to  use  the  same  type  of  barracks.  Of 
course,  the  stove  won't  be  used,  but  the  general  construction  of  the 
barrack  will  be  the  same  in  the  North  and  the  South. 

F.  D.  B.  Ingalls  :  I  would  like  to  ask  for  more  information  with 
reference  to  the  construction  of  the  walls  of  the  barracks. 

The  Author:  It  is  just  plain  board.  They  are  not  lined  at  pres- 
ent, and  no  one  seems  to  know  whether  it  was  their  intention  to  line 
them  or  not.     It  will  be  absolutely  necessary  to  line  them. 

F.  R.  Still  :  It  might  be  interesting  to  some  of  you  to  know  that 
I  saw  quite  a  number  of  barracks  over  on  the  other  side  of  the 
Atlantic  last  winter  when  I  was  there ;  nearly  all  were  made  of  cor- 
rugated, galvanized  sheet  iron.  They  have  four  to  six  little,  round 
ventilators.  The  windows  were  apparently  about  3  ft.  square,  and 
about  12  ft.  apart.  The  floors  were  supported  on  posts  about  18  in. 
to  2  ft.  above  the  ground.  No  provision  of  any  kind  was  made  to 
heat  them.  Last  winter  was  the  severest,  they  tell  me,  that  they 
have  had  in  50  years.  I  can't  imagine  how  those  fellows  got  along. 
Living  an  outdoor,  vigorous  life  undoubtedly  enabled  them  to  get 
along  with  less  heat  than  we  could,  and  besides,  they  got  along  with 
less  heat  than  we  do,  even  in  their  civil  pursuits,  but  it  must  have 
been  very  uncomfortable  even  with  that. 

Willi  the  very  rigorous  weather  we  have  in  the  North,  to  maintain 
the  cantonments  up  here,  will  require  very  ample  provision  for 
heating,  which  I  presume  from  this  paper  and  other  things  I  have 
heard  will  be  supplied  in  order  to  make  the  men  comfortable. 

L.  C.  SouLE :  I  have  understood  that  the  Government  has  or- 
dered direct  radiation  for  the  heating  of  those  cantonments. 

The  Author:  I  tried  to  get  information  on  that,  but  I  couldn't 
find  a  thing.  The  best  I  could  get  were  the  plans  the.  Government 
has  given  out  about  two  weeks  ago,  and  there  was  no  mention  made 
whatever  of  hot  water  or  of  steam  heat.  It  seems  to  me  that  that 
is  the  only  way  it  can  be  done. 
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H.  Al.  Hart:  1  think  ihat  there  is  one  member  of  this  Society 
that  can  give  us  a  lot  of  Hght  on  that,  and  that  is  August  Kemp. 
He  has  been  devoting  most  of  his  time  since  last  April  on  an  ad- 
visory board  for  the  Government  in  laying  out  the  heating  for  the 
cantonment  camps,  and  from  that  I  am  quite  sure  that  they  intend 
to  provide  some  method  of  heating.  I  am  sure  it  won't  be  stoves  if 
he  is  the  engineer  that  is  advising  them  ;  he  is  a  heating  contractor. 

Jas.  H.  Davis:  Did  I  understand  Mr.  Mauer  to  sa}'  that  these 
barracks  would  be  at  Fort  Sheridan  ? 

The  Author:  1  have  photographs  here  that  were  taken  at  l'\jrl 
Sheridan.  They  are  one  story  high,  1  1 1  ft.  long  and  20  ft.  wide. 
That  is  the  temporary  barracks  covering  the  officers  reser\e  training 
camps.     The  regular  barracks  are  very  well  heated  by  steam. 

Or.  VV.  a.  Evans^  :  It  seems  to  me  that  the  most  important 
problems  that  we  have  in  connection  with  the  preparation  of  the 
troops  for  this  war  is  this  one  that  has  been  touched  upon  by  Mr. 
Mauer. 

18'J8  taught  us  the  lesson  of  typhoid  fever,  sewage  disjjosal  and 
water  supply.  As  I  have  gone  around  to  the  diilerent  military  camps 
the  last  two  or  three  months,  1  have  found  that  from  the  lowest 
soldier  in  the  rank  to  the  highest  officer  in  command,  they  were 
thoroughly  impressed  with  the  importance  of  taking  proper  care  of 
sewage  and  properly^  protecting  the  water  supply,  properly  disposing 
of  the  garbage  and  projDerly  protecting  themselves  against  flies. 
They  are  over-playing  that  feature,  in  view  of  the  fact  that  protec- 
tion against  typhoid  fever  is  now  had  by  vaccination. 

On  the  other  hand,  they  are  assembling  the  men  for  training  in 
camps  and  placing  them  in  great  barracks.  They  should  have  known, 
experience  has  been  at  hand  that  should  have  taught  them  that  thi> 
was  a  fallacious  policy  for  a  generation  or  more. 

The  objections  to  the  bringing  together  of  large  numbers  of  men 
into  one  sleeping  room,  is  that  the  men  who  are  in  training  are 
especially  liable  to  cerebro-spinal-meningitis,  measles,  colds,  influ- 
enza, pneumonia  and  consumption,  and  all  of  those  diseases  are 
spread  by  contact. 

Some  of  these  diseases  are  highly  contagious  before  the  attack  has 
advanced  far  enough  to  make  the  disease  diagnosable.  I  will  illus- 
trate with  meningitis.  It  is  exceedingly  difficult  to  determine — im- 
possible to  determine  without  laboratory  procedure  that  an  indi- 
vidual is  capable  of  spreading  cerebro-spinal-meningitis.     If  you  put 
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Muli  an  individual,  capable  of  spreading  this  disease,  in  a  group  of 
eighty,  the  probability  is  that  infection  will  occur  in  some  eight,  at 
least  ten  per  cent  of  the  people  in  that  group.  Not  all  of  them  will 
develop  cerebro-spinal-meningitis — I  say,  not  all  of  the  ten  per  cent., 
but  the  entire  ten  per  cent,  will  become  carriers  capable  of  spreading 
the  disease. 

At  Great  Lakes,  as  the  iirst  step  in  controlling  a  meningitis  epi- 
demic, they  emptied  their  enormous  and  expensively  constructed 
barracks  and  threw  everybody  into  tents.  They  have,  let  us  say, 
$1,000,000  invested  in  barracks  at  Great  Lakes  now,  and  they  are 
empty.  They  have  some  cement  and  lumber  stored  in  them,  but  the 
men  aren't  living  in  them;  they  are  living  in  tents,  because  in  the 
judgment  of  the  men  who  were  in  charge,  and  the  judgment  was  well 
founded,  the  men  could  not  be  made  safe  in  those  barracks.  The 
great  fault  in  the  barracks  lay  not  in  the  heating  or  in  the  ventila- 
tion, but  in  the  fact  that  large  groups  of  men  were  held  together  in 
sleeping  quarters,  men  gathered  from  all  parts  of  the  country  and 
who,  according  to  the  law  of  averages,  could  be  depended  upon  to 
bring  in  meningitis,  measles,  scarlet  fever,  pneumonia  and  grip. 

Now,  we  had  a  little  of  that  last  winter.  We  are  going  to  have 
more  this  winter.  I  have  been  in  the  barracks  that  Mr.  Mauer  has 
described  at  Fort  Sheridan.  Crowded  as  they  were  in  there,  with 
cols  close  together,  no  particular  harm  came  because  they  weren't 
put  in  there  until  warm  weather,  but  if  men  are  kept  in  those  places 
next  winter,  there  is  going  to  be  disaster.  I  have  no  hesitation  in 
predicting,  and  I  hope  somebody  will  take  it  down  and  hold  me  to 
the  prediction,  that  if  the  men  are  kept  in  the  barracks  next  winter 
that  are  now  being  constructed  at  Rockford,  that  there  will  be  scan- 
dal, scandal  somewhat  commensurate  with  the  scandal  that  sw^ept 
over  the  country  as  the  result  of  the  errors  committed  in  1898. 

I  don't  know  whether  it  is  too  late  to  remedy  that  condition  or 
not.  I  would  suggest  that  your  organization  give  careful  considera- 
tion to  the  matter  with  a  view  of  recording  an  expression  of  your 
opinion  with  the  Secretary  of  War. 

It  has  been  stated  that  provision  has  been  made  for  a  considerable 
degree  of  window  ventilation.  Then,  they  are  going  to  be  heated 
by  stoves.  You  all  know  what  is  going  to  happen :  those  places  are 
heated  by  stoves,  cold  air  begins  to  pile  into  the  rooms,  the  men 
are  going  to  stop  the  openings  up.  That,  of  course,  goes  without 
saying.  And  you  are  going  to  have  the  effect  of  bad  ventilation 
added  to  the  efifect  of  over-crowding. 

I  am  reliably  m formed,  however,  that  the  space  for  barracks  room's 
has  been  materially  altered.     I  learn  that  the  heating  is  to  be  done 
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by  a  central  heating  plant ;  that  the  number  of  men  to  be  put  in  tlic 
large  buildings  has  been  reduced  from  25U  to  15U ;  and  that  new 
buildings  are  already  contracted  for  providing  for  small  units  not  to 
exceed  30  men  to  a  room.  It  is  plain  that  the  position  taken  by  the 
American  Society  of  Heating  &  Ventilating  Engineers  is  in  thorough 
accord  with  the  view  of  the  medical  men  of  the  Army  and  Navy. 

The  Author-  I  might  say  for  Dr.  Evans'  benefit  that  the  allow- 
ance in  the  barracks  at  Rockford  are  3G  men  in  one  room,  and  there 
are  big,  double-deck  bunks.  That  allows  300  cu.  ft.  of  air — only  half 
enough. 

F.  R.  Sth^l  :  I  think  it  would  be  well,  before  the  meeting  is  finally 
over  with,  to  take  some  action  along  the  line  suggested  by  Dr. 
Evans.  It  is  incumbent  upon  us,  in  the  advisory  capacity  that  the 
Government  has  asked  us  to  assume  that  we  give  expression  to  our 
ideas  in  regard  to  this  subject.  It  is  essentially  a  part  of  our  lousi- 
ness. I  think  it  would  be  right  and  proper  that  such  a  resolution  be 
drawn  up  and  submitted  for  consideration  at  a  later  meeting. 

H.  M.  Hart:  I  move  that  a  special  committee  be  appointed  for 
that  purpose,  to  draw  up  such  a  resolution;  preferably  a  committee 
which  can  spend  a  little  time  in  getting  some  data  together  l)efore 
tliey  draw  up  such  a  resolution. 

F.  R.  Sth.l:  Would  you  have  that  committee  report  at  this 
meeting  ? 

H.  M.  Hart  :  Before  this  meeting  adjourns.  I  would  like  to  have 
it  a  committee  of  three. 

Prof.  W.  F.  Vf.rner  :     I  second  the  motion  and  wouUl  suggest 
that  Dr.  Evans  be  made  a  member  ex-officio. 
The  amendment  to  the  motion  was  accepted. 

W.  L.  Fleisher  :  I  would  like  to  know  whether  the  Doctor  has 
presented  this  to  any  medical  society.  I  think  it  is  from  the  medical 
point  of  view  rather  than  ventilation.  I  think  it  would  probably 
have  more  weight  coming  from  them. 

H.  M.  Hart:    I  think  that  this  is  very  much  a  ventilating  prol)lem. 

W.  L.  Fleisher:  In  the  opinion  of  the  Doctor,  is  this  a  question 
of  segregation  of  vmits  or  ventilation  ?  It  seems  to  me  that  no  ques- 
tion of  ventilation  there  would  answer  the  objection  of  the  doctor. 

Dr.  W.  a.  Evans:  It  is  a  question  both  of  segregation  and  of 
ventilation.     In  my  judgment,  the  question  of  segregation  is  more 
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important  than  the  question  of  ventilation,  but  it  is  both  u  question 
of  segregation  and  ventilation.  Of  course,  it  is  also,  as  you  can 
readily  understand,  very  closely  related  to  the  question  of  heating. 

F.  R.  Still:  It  seems  to  me  that,  in  view  of  the  fact  that  the 
medical  fraternity  has  taken  action  on  this  matter,  that  we  should 
support  them  if  the  medical  men  are  right;  a  large  part  of  our  pro- 
fession is  to  find  mechanical  methods  of  correcting  the  conditions, 
or  producing  the  results  demanded  by  the  discoveries  and  advance- 
ments as  they  are  made  in  the  science  of  medicine.  It  is  a  matter  of 
vital  importance  and  a  matter  that  we  should  give  very  careful  con- 
sideration. I  can't- see  why  we  shouldn't  voice  our  conclusions  in 
the  proceedings  of  this  Society,  if  we  are  agreed  that  we  are  right. 

Prof.  W.  F.  Verner:  I  don't  think  there  should  be  any  hesi- 
tancy in  voting  to  appoint  this  committee.  I  think  the  results  that 
would  be  obtained  would  be  very  great. 

A.  B.  Marti X  :  The  cantonments  really  under  question  are  not 
the  temporary  barracks.  Sixteen  or  seventeen  of  these  cantonments 
are  now  in  the  course  of  being  completed  in  their  design,  and  any- 
thing that  can  or  should  be  done  by  this  organization  will  have  to  be 
done  promptly. 

Doesn't  it  seem  rather  unfortunate  for  us  to  come  to  this  particular 
meeting  with  matters  of  heating  and  ventilation  and  the  housing  of 
the  proper  number  of  people  per  square  foot  of  floor  space,  etc..  and 
find  that  seventeen  cities  are  being  developed  in  a  hurry  without 
competent  counsel  from  this  organization  entering  into  their  design? 

F.  R.  Still  :  I  wish  to  say  that  this  society  has  not  lacked  repre- 
sentation. Your  President  and  two  or  three  others  of  the  Council 
have  been  in  consultation  with  Government  officials,  though  I  will 
admit  it  was  a  surprise  to  me  to  learn  to-day  what  had  really  been 
decided  upon.  It  has  seemed  as  though  everybody  was  up  in  the 
air  and  nobody  knew  what  was  going  to  be  done  about  heating. 

H.  E.  Gerrish  :  Wouldn't  it  be  better  to  send  that  resolution  in 
the  form  of  a  telegram  to  the  Secretary  of  War,  because  of  the  fact 
that  there  are  so  many  pieces  of  correspondence  being  handed  Lo  him 
right  along,  that  it  would  probably  get  a  little  quicker  and  more  im- 
portant attention? 

Mr.  Hart's  motion,  that  a  special  committee  of  three  be  appointed 
to  draw  up  a  resolution  protesting  against  the  crowding  in  barracks 
in  cantonments,  to  be  sent  to  the  war  department,  was  carried.    The 
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Chair  appointed  on  the  committee  H.  M.  Hart,  Prof.  W.  F.  Verner 
and  Dr.  W.  A.  Evans. 

The  President:  (Later)  The  Committee  appointed  at  our  mili- 
tary Session  to  report  on  the  recommendations  to  be  made  to  the 
Secretary  of  War  regarding  the  crowding  of  barracks  at  canton- 
ments, is  now  ready  to  report.  We  will  hear  from  Mr.  Hart,  Chair- 
man. 

H.  M.  Hart  :  The  Committee  begs  to  submit  the  following  report 
and  recommends  that  the  following  resolution  be  forwarded  to  the 
.Secretary  of  War  by  telegraph. 

Honorable  Newton  D    Baker, 
.Secretary  of  War, 

Washington.  D.  C. 
Dear  Sir  : 

Realizing  the  vital  importance  of  proper  housing  conditions  for  tlie  war 
recruits  of  our  army  and  navy,  we,  The  Americax  Society  of  Heati.xg  axd 
X'extilating  Exgixeers  in  session  at  our  regular  semi-annual  meeting  in 
Chicago,  this  20th  day  of  July,  1917,  while  not  wishing  to  obstruct  the  splendid 
progress  now  being  made  by  our  Government  in  the  construction  of  canton- 
ments for  our  troops,  desire,  however,  to  take  this  occasion  to  call  your 
attention  to  the  following : 

Barracks  have  been  erected  at  Fort  Sheridan  and  we  understand  are  being- 
erected  at  other  locations  throughout  the  country  which  do  not  conform  to  the 
generally  accepted  sanitary  and  medical  requirements  as  disclosed  by  the 
condition  of  troops  subjected  to  overcrowding  in  barracks  in  England  and 
I'Vance  after  the  outbreak  of  the  war,  as  well  as  troops  housed  in  our  over- 
crowded barracks  at,  for  instance,  the  Great  Lakes  Xaval  Station,  or 
at  Norfolk. 

We  sincerely  hope  that  in  the  planning  of  any  additional  barracks, 
these  very  important  features  be  given  proper  consideration  and  where 
possible,  the  present  plans  be  so  altered  as  to  improve  these  condi- 
tions; and  we  stand  ready  to  submit  for  your  consideration  our  recom- 
mendations pertaining  to  these  points. 

A  motion  to  adopt  this  resolution  was  made,  seconded  and  carried 
and  it  was  ordered  to  be  forwarded  to  the  Secretary  of  War. 
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TART  I 

TESTING    METHODS  AND   APl'ARATA 

Temperatures :  In  the  measuring  of  room  temperatures  where 
accuracy  is  required,  considerable  care  must  be  exercised  to  prevent 
the  resuhs  from  being:  affected  : 

a.   P._\'  the  body  heal  of  the  oljserx'cr  ; 

/'.   By  (h'afis  from  doors,  windows  or  oilier  openings: 

c.  From  ra(hant   lieai    from   some  local  source   such  as  a   radiator, 
a  wall.  etc. 

Thermometers  with  an  armor  of  wood  or  metal  to  protect  them 
are  not  to  he  desired,  because  if  they  do  give  the  exact  temperature, 
they  w  ill  only  do  so  after  a  long  time.  The  time  required  for  taking 
an  exact  reading  is  considerably  reduced  if  the  Ijulb  is  free  of  all 
obstructions.  In  no  case  should  the  thermometer  Ije  hung  against  a 
lK)st  or  wall. 

Room  and  Outside  Observations:  All  thermometers  used  for  the 
testing  of  air  temperatures  and  demonstration  of  guarantees  of  the 
heating:  or  air  conditions  of  buihlings  should  be  mercurv  thermom- 
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Fig.  1 


FIGS.   1  AND  2.     AIR,  WATER  OR  LIQUID  THERMOMETERS. 
FIGS.  3  AND  4.     ANGLE  DUCT  THERMOMETERS. 
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eters  with  engraved  stems.  The  total  graduations  of  the  thermom- 
eters should  be  from^  — 20  to  120  deg.  fahr.,  in  one  degree  graduations 
i^Fig.  1).  No  ten  degrees  should  occupy  a  space  of  less  than  3^  in. 
The  accuracy  throughout  the  whole  scale  must  be  within  one-half 
degree. 

This  assures  that  the  graduations  are  far  enough  apart  to  permit 
of  accurate  readings  to  one-half  of  a  degree  can  be  made.  Outside 
air  temperatures  can  be  read  with  the  same  thermometer. 

The  operator  should  take  hold  of  the  top  and  no  part  of  his 
body,  including  the  hand,  should  be  nearer  than  10  in.  to  the  bulb. 


NS  1     DIAL. 


N22     DIAL. 


n^3    DIAL. 


6  in.  stfflt  or  projetHon  iito  sheet  ir»n  d«t. 


lOiM. 


6/N 


I 


16  i>  stem  for  projection  Uirough  brick  wall,  etc. 


THIS       LENGTH  

TO      BE       SPECiriED- 


€>  IN 


FLEXIBLE       EXXENSION. 


J^iunumiunTTTTTTTTKWTTTTTTimmuimimf 


FIGS. 


flexible  extension  stem  for  virions  industrial  uses  ind  renditions  »lie'e  rigid  stem 
K  Mt  desirable. 


.NND  6.     A  FORM   OF  INDICATING  THERMOMKTFK   r)RSI(;NFn   ]-n\< 
rURFrj  READINCi. 
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If  suspended  in  a  room  the  thermometer  should  not  be  closer  than 
5  ft.  to  any  door,  window,  or  other  opening;  should  not  be  closer 
than  12  in.  to  any  side  wall,  and  should  be  between  -i  and  6  ft. 
from  the  floor. 

Duct  Temperatures :  A  thermometer  suitable  for  making  observa- 
tions of  room  temperatures  is  not  practical  for  use  in  measuring  duct 
temperatures.  For  this  service  an  angle  duct  thermometer  should 
be  used,  having  a  flange  to  bolt  on  the  side  of  the  duct,  with  the  bulb 
extending  into  the  duct  at  least  6  in.  This  instrument  must  be  so 
proportioned  .and  insulated  that  it  is  not  aliected  by  temperatures 
outside  the  duct  (see  Fig.  3).  Dial  thermometers  as  shown  in  Fig.  5, 
will  frequently  be  found  convenient. 


DISTANT   INDICATING   THERMOMETER. 
INDEX  THERMOMETER,   HALF-CIRCLE  TYPE. 


ll'^ater  or  Liquid  Tcnpcraturcs :  Thermometers  used  for  this 
service  should  be  of  the  same  general  type  as  those  described  for 
taking  air  temperature,  and  should  be  used  with  a  mercury  well 
of  13/2  in.  depth  or  more,  extending  into  the  liquid  not  less  than  1  in. 
These  thermometers  should  have  at  least  a  5  in.  scale,  and  should 
be  graduated  in  two  degree  graduations  from  30  to  220  deg.  fahr. 
(see  Figs.  2  and  4). 

Distance  Thermometers :  For  the  measurement  and  recording  of 
temperatures  at  some  distance  from  the  observer,  the  thermometers 
using  pressures  of  a  volatile  liquid  for  indication,  or  the  electrical 
resistance  type  of  thermometers  will  be  found  most  convenient. 
Illustrations  of  both  types  are  shown  in  Figs.  7  to  11  and  Fig.  14. 
The  electrical  resistance  thermometers  are  often  arranged  so  that  a 
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Fig.    9  Fig.  10 

FJ(;S.  9  AXn   10.     TYPES  OF'  RECORDING  THERMOMETERS. 


FIG.   11.     ANOTHER  RECORDING  THERMOMETER. 
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I-K;.    IJ.     SKr.FCONTAIXRD   RECORDING  THERMOMETER 


Fll,.    U.      F,IRE(ORU   RECOKDIM. 
TFTERMOMETER. 


IC.    lo.     ANOTHER  TYPE  OF  RECORDING 
THERMOMETER. 
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great  many  reading's  in  various  parts  ni  the  plant  may  be  taken  at  one 
station. 

Recording  Thermumelers:  Recording  thermometers  should  be 
used,  not  for  the  proper  taking  of  temperatures  for  testing,  but 
rather  for  giving  continuous  record  of  the  operation  of  the  plant, 
as  the  charts  will  indicate  any  lack  of  attention  on  the  part  of  those 
responsible  for  the  operation  of  the  plant.     (See  Figs.  9  to  15.) 

The  charts  will  also  be  found  to  be  of  great  advantage  in  manu- 
facturing processes  to  trace  trouble  that  might  be  charged  against 
the  air  conditions  of  the  room  in  which  the  manufacturing  is  taking 
iilace. 


FIG.   16.     .SLING   PSVCHROMETEK. 
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Slmg  Psychromcter :  The  sling  psychrometer  (Fig.  16)  is  the 
recognized  standard  instrument  for  determining  humidities.  In 
order  to  obtain  accurate  readings  considerable  skill  is  required  on  the 
part  of  the  operator.     The  wicking  must  be  clean,  distilled  water 


FIG.   17.     HYGRODEIK 
(HANGING  FORM). 


should  be  used,  and  the  temperature  of  the  water  should  be  the 
temperature  of  the  surrounding  air,  or  as  near  this  as  is  possible. 
The  psychrometer  should  be   swung  rapidly  and  two  or  three 


FIG.  18.     ANGLE  DUCT  HYGRODEIK. 
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observations  should  be  made  to  see  that  the  wet  bulb  temperature 
has  gotten  to  a  point  where  it  is  stationary  before  the  final  reading 
is  noted.  Errors  in  reading  wet  and  dry  bulb  thermometers  are 
usually  on  account  of  not  obtaining  a  complete  depression  of  the  wet 
bulb  temperature. 

When  the  temperature  is  far  below  the  freezing  point,  for  example, 
in  the  vicinity  of  0  deg.  fahr.,  or  lower,  the  psychrometer  is  not  a 
reliable  instrument  with  which  to  measure  humidity.  Under  such 
conditions  the  muslin  should  be  removed  and  the  bare  bulb  should 


OPENING 

TERN. 


FIG.    19.      MKTIIOD    OF    TXST.NLI.ATIOX   OF   AX'iLE   DUCT    in'CRODEIK. 

be  wetted  in  cold  water  and  the  excess  of  water  should  be  shaken 
ofT.  The  bulb  should  then  be  allowed  to  cool  and  the  water  to 
freeze,  which  will  raise  the  temperature  to  32  deg.  fahr.  The  ice- 
covered  bulb  is  then  whirled  in  the  customary  manner.  A  con- 
siderable time  may  be  required  in  order  to  get  the  absolutely  mini- 
mum evaporation  temperature. 

The  quantity  of  ice  being  evaporated  is,  at  the  best,  small  and 
the  rate  of  cooling  is  necessarily  slow,  so  that  it  is  simply  a  ques- 
tion of  time  and  not  of  speed  of  whirling.  A  moderate  time  must 
be  allowed  for  the  instrument  to  reach  the  minimum  temperature. 
Even  under  most  favorable  conditions  the  difference  between  the 
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wet  and  dry  bulb  readings  is,  it  should  be  noted,  very  small. 

The  Weather  Bureau  dry  and  wet  bulb  tables  giving  the  relative 
humidity  should  be  used  with  sling  psychrometer  readings  ( see  also 
Table  No.  1,  Appendix).  The  total  amount  of  moisture  contained 
in  the  air  can  be  determined  by  Table  No.  2  of  the  Appendix,  which 
gives  the  amount  of  moisture  contained  in  air  at  varying  tempera- 
tures. 

Hygrometer  and  flyc/rodeik :  Two  forms  of  stationary  hygrom- 
eters are  made  (see  Figs.  IT,  18  and  10).  In  the  case  of  the 
hygrometer  care  must  be  taken  to  keep  the  wicking  clean  as  this 
will  quickly  catch  the  dust  and  lint  from  the  room.  The  wicking 
should  be  changed  frequently.  Before  making  readings  the  air  should 
be  gently  fanned  in  the  vicinity  of  the  wet  bulb  to  prevent  a  stagant 


riC,    20.      RECORDIXG    mOROMETER. 

condition  of  the  surrounding  atmosphere.  Distilled  water  should 
be  used. 

These  instruments  are  not  to  be  considered  as  accurate  as  the  sling 
psychrometer,  and  all  tests  should  be  made  with  the  latter  instrument. 
Hygrometric  tables  should  be  used  as  the  wet  bulb  depression  is  not 
as  great  with  this  type  of  instrument  as  with  the  sling  psychrometer. 

In  taking  humidity  readings  in  ducts  it  is  practically  impossible 
to  use  a  sling  psychrometer.  For  this  work  the  stationary  hygrodeik 
(Fig.  18),  arranged  for  bolting  onto  the  side  of  the  ducts,  with  two 
bulbs  exending  into  the  ducts,  will  be  found  very  convenient.  Due 
to  the  velocity  of  the  air  passing  over  the  bulbs  within  the  ducts,  an 
accurate  reading  will  be  secured,  corresponding  to  those  given  by 
the  sling  psychrometer.  In  masonry  ducts  the  installation  may  be 
made  as  shown  in  Fig.  19. 
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I'ig.   -M  Fig.   12 

TYPES    OF    DISTANT    RECORDINC,    WF'l     AXl)     DKV    J5ULP.    TTIER.MOMETERS. 


I'iK.  -.^  Fig.  _>; 

TVI'ES  OF  RECORDINC   WET  .\XI>   DIO'   13L"LB  THERMOMETERS 
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Recording  Hygrometers:  A  type  of  direct  recording  hygrometer 
is  shown  in  Fig.  20.  Each  of  these  instruments  depends  upon  the 
hygroscopic  properties  of  a  material  under  tension.  They  are  not 
extremely  accurate,  but  they  do  show  changes  occurring  in  the 
plant.  They  should  be  compared  with  a  few  test  readings  taken  by 
a  sling  psychrom'eter  and  readjusted  every  few  days.  Where  the 
temperature  and  humidities  do  not  vary  suddenly,  through  a  wide 


H 


FIG.  25.  OBSERVATORY  BAROMETER 


FIG.  26.  MARTXE  BAROMETER 


range,  these  instruments  will  give  quite  accurate  readings  if  kept 
properly  calibrated. 

Wet  and  Dr\  Bulb  Recording  Thermometers:  Wet  and  dry  bulb 
recording  thermometers  (Figs.  21  to  24)  are  more  accurate  than 
the  hygroscopic  thermometers,  but  the  great  amount  of  work  neces- 
sary to  record  and  translate  the  relative  humidity  from  the  charts 
makes  this  type  of  instrument  imdesirable  except  where  a  record  is 
required  of  the  wet  bulb  reading. 
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Barometers :  On  account  of  the  difficulties  in  shipping  and  mov- 
ing of  the  observatory-pattern  mercury  barometer  (  Fig.  25 — rec- 
ommended by  the  Bureau  of  Standards)  the  marine-type  of 
mercury  barometer  is  preferred  (Fig.  36).  This  type  of  instrument 
is  used  on  the  United  States  battleships.  It  has  a  fixed  cistern 
without  a  zero  adjustment,  also  a  restricted  bore  at  the  lower  end, 
and  below  this  a  chamber  to  prevent  small  air  particles  from  arising. 

For  general  work  the  aneroid  barometer  (Fig.  2T)  will  be  found 
to  be  preferable  as  this  can  be  read  easily,  and  no  corrections  are 


FIG.  27.     ANEROID   B.\KO.METER 


necessary.     Outside  readings  may  be  taken  with  but  little  chance 
3f  error  on  the  part  of  an  inexperienced  operator. 

CO2  Determinations:  The  amount  of  carbon  dioxid  in  the  air, 
while  not  a  harmful  element,  is  a  convenient  index  of  the  rate  of 
air  supply,  or  of  the  frequency  of  air  change  in  an  occupied  room. 
A  high  carbon  dioxid  value  indicates  air  stagnation  and  liability 
to  stale  odors  and  overheating. 

The  Peterson-Palmquist  aj^paratus  (Fig.  2S)  has  been  generally 
accepted  as  the  standard  for  the  determination  of  carbon  dioxid  in 
.•\merican  sanitary  investigations.  It  can  now  be  obtained  from 
Eimer  and  Amend  of  New  York  City,  and  many  other  dealers.  In 
the  hands  of  a  skilled  operator  an  analysis  of  the  air  can  be  obtained 
in  five  minutes,  and  for  careful  work  this  seems  to  be  the  best  in- 
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strument  available.  The  principle  involved  is  the  measurement  of  a 
given  A'olume  of  air,  the  absorption  of  the  contained  carbon  dioxid 
in  a  caustic  potash  solution,  and  the  re-measurement  of  the  volume 
of  air  at  the  original  pressure  in  a  finely  graduated  capillary  tube, 
the  dift'erence  in  volume  representing  the  absorbed  carbon  dioxid. 
(Report  of  Committee  on  Standard  Methods  for  Examination  of 
Air,  American  Public  Health  Association,  Vol.  T,  No.  1,  American 
Journal  of  Public  Health.  Tan..  1!)1T.) 


FIG,  28.  THE  PETERSON-PALMOUI.ST  APPARATUS  FOR  CO^  DETERMINATIONS 


Where  field  conditions  are  such  that  this  apparatus  may  not  be 
conveniently  used,  as  in  street  cars,  the  laboratory  method,  as  de- 
veloped in  the  work  of  Dr.  M.  B.  McMillan,  of  the  Department  of 
Health,  New  York  City,  is  recommended,  which  is  as  follows: 

Special  carrying  boxes  for  120  c.c.  glass  stoppered  bottles  are 
provided,  so  constructed  as  to  carry  eighteen  bottles.  These  bottles 
are  filled  with  ordinary  water,  and  are  provided  with  a  small  rubber 
cork  (a  glass  stopper  permits  entry  of  a  certain  amount  of  air.)  The 
sample  of  air  is  taken  simply  by  displacement  of  the  water  content. 
The  bottle  is  immediately  corked  with  a  solid  rubber  cork,  which 
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completely  seals  it.     These  samples  are  then  taken  to  the  laboratory 
to  be  analyzed  within  twenty-four  hours. 

Note. — The  point  has  been  raised  that  the  water  remaining  in  the  bottles  v.ouId 
absorb  a  sufficient  amount  of  CO2  in  the  air  sample  to  affect  the  laboratory  analysis  of 
the  air.  The  fact  is,  however,  that  a  large  number  of  tests  proved  conclusively  that 
where  the  water  was  thoroughly  removed  from  the  bottle  the  sample  was  not  sufficiently 
affected  to  influence  the  analysis  in  any  measurable  degree. 

Extraction  of  the  air  from  these  bottles  is  accomplished  as  fol- 
lows :  An  air-tight  stopper,  through  which  a  small  funnel  is  tightly 
passed,  is  introduced  into  the  mouth  of  each  bottle.  This  funnel  is 
provided  with  a  stopcock.  Through  the  same  stopper  is  also  intro- 
duced a  glass  tube  connected  by  means  of  a  rubber  tube  with  a  Pet- 
terson-Palmquist  apparatus,  which  requires  20  c.c.  of  air  for  each 
test.  In  order  to  introduce  the  air  directly  from  the  collecting  bot- 
tle into  the  apparatus,  mercury  is  placed  in  the  above  described  fun- 
nel, the  cock  opened  and  the  mercury  allow^ed  to  flow  into  the  bottle. 
Care  must  be  experienced  to  allow  sufficient  air  to  pass  through  to 
drive  out  any  portion  of  the  previous  sample  which  might  have  re- 
mained either  in  the  tube  or  apparatus.  Where  any  doubt  exists 
regarding  the  findings  in  a  particular  sample  the  analysis  should  be 
repeated  to  determine  by  comparison  whether  any  error  has  been 
made. 

General  Instructions  for  Use  of  CO2  Instrument : 
When  not  in  use  see  that — 

(1)  Left-hand  top  manometer  stopcock  is  open; 

(2)  Air  intake  stopcock  is  open ; 

(3)  Stopcock   from   pipette  to   manometer  is   open ; 

(4)  All  other  stopcocks  are  closed. 

All  stopcocks  should  be  kept  well  greased  with  petroleum  jelly,  or  they 
will  be  set  firmly  by  the  caustic  potash. 

The  caustic  potash  should  be  changed  once  a  month.  The  potash  should 
on  no  account  be  allowed  to  get  beyond  its  own  stopcock ;  if  it  does,  the 
apparatus  must  be  entirely  cleaned,  carefully  neutralizing  the  measuring 
pipette  with  dilute  sulphuric  acid  before  proceeding. 

The  mercury  in  measuring  pipette  should  be  covered  with  a  little  1  to  30 
sulphuric  acid. 

Any  dust  or  dirt  getting  into  the  capillary  tubes  should  be  carefully  re- 
moved by  means  of  a  soft  cord. 

The  air  intake  should  be  at  all  times  plugged  with  a  little  glass  wool  to 
prevent  access  of  dust. 

The  mercury  and  caustic  potash  reservoirs  should  not  be  tightly  stoppered 
while  making  determinations. 

At  all  times  before  making  readings,  either  on  the  manometer  tube, 
potash  level,  or  mercury  column,  the  capillary  tubes  should  be  lightly  and 
carefully  tapped,  and  air  should  be  blown  through  t'le  water  bath  to  equalize 
the  temperature. 
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Preparation  of  Apparatus: 

(1)  Put  a  drop  of  kerosene  in  manometer  tube.  This  may  be  colorea; 
bloodroot  is  a  good  coloring  material. 

(2)  Fill  the  mercury  reservoir  to  such  a  level  that  when  it  is  hung  on 
upper  hook  mercury  will  rise  a  little  above  top  of  25  ccm.  bulb  of  air  pipette. 

(3)  Place  a  small  drop  of  dilute  sulphuric  acid  (1  to  30)  on  top  of  mer- 
cury surface  in  pipette!  for  purpose  of  keeping  air  moist. 

(4)  Fill  caustic  potash  reservoir  to  such  a  level  that  surface  in  Orsat  tube 
rises  %  in.  or  so  above  neck  to  the  adjustable  wire  marker.  The  stopcock 
from  air  tube  to  Orsat  tube  should  be  closed  while  this  is  being  done,  and  at 
all  times,  except  when  absorption  is  taking  place. 

Making  Test: 

(1)  Adjust  kerosene  bubble,  i.  e.,  see  that  it  is  intact  and  near  O  in 
manometer 

(2)  Open  left-hand  manometer  stopcock  so  that  the  air  in  the  compen- 
sating tube  can  come  as  near  as  possible  to  the  same  pressure  as  sample  in 
the  air  pipette,  so  that  there  will  be  no  great  jumping  of  the  kerosene  drop 
when  reading  of  manometer  is  desired. 

(3)  Adjust  caustic  potash  surface,  tapping  the  tube  and  blowing  air 
through  the  bath,  in  Orsat  tube  to  wire  marker,  getting  a  sharp  reading. 
The  caustic  potash  stopcock  should  be  closed -until  ready  for  absorption. 

(4)  Drive  out  air  from  pipette  by  raising  mercury  surface  in  pipette,  the 
stopcock  between  the  pipette  and  atmosphere  being  open  and  that  between 
the  pipette  and  manometer  being  closed. 

(5)  Take  in  sample  of  air  by  allowing  mercury  surface  in  air  pipette  to 
come  to  O  and  shut  ott  mercurj-.     Shut  off  air  intake  stopcock. 

(6)  Open  stopcock  between  air  pipette  and  manometer  and  adjust  mer- 
cury surface  to  O  by  slow  motion  screw,  tapping  tube  and  blowing  air 
through  bath  as  before,  all  stopcocks  to  outside  air  being  closed. 

To  Read  Manometer : 

(7)  Shut  stopcocks  from  air  pipette  to  manometer. 

(8)  Open  stopcock  between  caustic  potash  Orsat  tube  and  air  pipette  and 
send  air  over  into  caustic  potash  two  or  three  times  by  raising  and  lowering 
mercurj',  great  care  being  taken  not  to  lower  mercury  surface  sufficiently 
to  allow  caustic  potash  to  jump  into  the  air  pipette. 

(9)  Bring  caustic  potash  surface  back  to  wire  marker  (same  position  as 
before  starting  absorption).  As  before,  great  care  must  be  taken  in  doing 
this  not  to  allow  caustic  potash  to  jump  over  into  the  air  pipette.  Bring  it 
almost  to  the  wire,  then  shut  off  main  mercury  stopcock  and  adjust  level  by 
slow  motion  screw  after  having  tapped  tube  and  blown  air  through  water 
bath. 

(10)  Shut  oflf  stopcock  between  caustic  potash  Orsat  tube  and  air  pipette. 

(11)  Open  stopcock  between  air  pipette  and  manometer  tube,  and  adjust 
bubble  in  manometer  tube  to  original  reading  by  slow  motion  screw  on  mer- 
cury.   Blow  air  through  the  wa.ter  bath. 

(12)  Read  height  of  mercury  on  scale  at  bottom  of  air  pipette  showing 
parts  in  ten  thousandths  of  CO2  which  was  in  the  original  air  sample.  This 
COa  has  been  absorbed  by  the  potash. 
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Kit  for  Apparatus: 

1  Small  bottle  kerosene 

1  Small  bottle  of  1/30  sulphuric  acid 

1  Bundle  of  fine  wire 

1  Bundle  coarse  wire 

1  Bundle  white  twine 

1   Pair  tweezers 

1  Glass  siphon 

1  Length  of  pressure  tubing 

1  Bulb  and  tube  for  stirring  water  bath 

1  Tube  Litmus  paper 

1  Bottle  250  CO.  1:1  sulphuric  acid 

2  Medicine  droppers 
1  Screw  driver 

1  Rubber  stopper  for  mercury  reservoir 

1  Tube  of  petroleum  jelly 

1  Litre  SSVs  per  cent  caustic  potash 

Dust  Determinations :  The  study  of  the  dust  content  of  air  is  of 
great  sanitary  moment  in  connection  with  certain  industrial  processes 
in  which  irritant  or  poisonous  dusts  are  discharged  into  the  atmos- 
phere in  considerable  amounts.  What  is  needed  for  sanitary  pur- 
poses is  a  reasonably  accurate  determination  of  the  comparatively 
few,  but  rather  large,  particles  which  lacerate  the  epithelial  tissues 
and  favor  the  development  of  disease. 

The  apparatus  here  recommended  combines  the  forces  of  pre- 
cipitation and  filtration  somewhat  on  the  principle  of  a  commercial 
air  washer.  The  air  to  be  sampled  is  drawn  through  water  in  a 
shallow  trap  at  such  a  rate  as  to  break  the  water  up  into  a  fine  shower 
of  spray  in  the  glass  bulb  above,  this  spray  taking  the  dust  out  of 
the  air  and  finally  washing  it  down  into  the  trap.  After  the  comple- 
tion of  a  run  the  dust  collected  in  the  water  may  be  estimated  by  any 
or  all  of  three  methods- — by  direct  microscopic  enumeration  in  a 
Sedgwick-Rafter  cell,  by  weighing  after  filtration  through  a  Gooch 
crucible,  or  by  comparing  the  turbidity  of  the  organized  suspension 
with  a  set  of  standards. 

The  Palmer  water  spray  a])])aratus  (Fig.  29)  was  described  and 
figured  in  the  American  Journal  of  Public  Health  for  January, 
V.)Uk  \'o1.  \T,  page  54,  and  may  be  obtained  from  Wallace  & 
Tiernan,  of  13T  Center  Street,  New  York.  The  apparatus,  including 
the  motor  and  the  venturi  meter  for  measuring  the  air,  may  con- 
veniently be  mounted  in  a  light  dress  suit  case,  the  whole  weighing 
17  lb.  or  less.  The  technique  as  worked  out  by  Messrs.  Paliner, 
Coleman  and  Ward  is  as  follows : 

In  air  not  visibly  dusty  200  to  400  cu.  ft.  of  air  should  be  passed 
through  the  washer,  while  in  more  dusty  air  100  to  200  cu.  ft.  will 
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suffice.  About  40  c.c.  of  distilled  water  is  placed  in  the  trap  and 
about  once  in  five  or  ten  minutes  (depending  on  the  temperature 
and  humidity  of  the  atmosphere)  water  is  added  to  make  up  the  loss 
from  evaporation.  After  the  run  is  completed  the  water,  with  its 
suspended  dust,  is  drained  into  a  bottle,  the  bulb  is  rinsed  several 
times  with  distilled  water,  and  the  original  water,  plus  the  washings, 
are  made  up  to  100  c.c.  One  c.c.  of  this  suspension,  after  thorough 
shaking,  is  transferred  to  a  Sedgwick-Rafter  cell  and  five  fields,  at 
the  center  and  four  corners,  counted  under  a  2/3  in.  objective. 
Where  both  light  and  heavy  dusts  are  present,  this  procedure  must 


FIG.    29.      WATER    SPRAY    APPARATUS    FOR    THE    COLT,ECTIOX    OF 
AERIAL  DUST. 

be  repeated  for  the  top  and  bottom  of  the  cell.  A  second  cubic 
centimeter  is  then  placed  in  the  cell  and  counted  in  the  same  way. 
The  dust  particles  may  conveniently  be  grouped  in  five  classes,  ac- 
cording to  size,  as  follows  : 

1.  Large  masses,  about  100  standard  units  (0.04  sq.  mm.) 

2.  About  25  standard  units   (0.01  sq.  mm.) 

3.  About  1  standard  unit  (0.0004  sq.  mm.) 

4.  About  >4  standard  unit  (0.0001  sq.  mm.) 

5.  Dust  too  fine  to  count— presence  indicated  by  a  plus  sign. 

A  control  count  should  always  be  made,  using  the  same  slide  and 
the  same  batch  of  distilled  water,  and  the  average  of  the  five  field 
counts  obtained  subtracted  from  the  average  of  the  ten  field  counts 
of  the  suspension  of  dust. 
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The  remainder  of  the  suspension  should  be  filtered  through  a 
weighed  Gooch  crucible,  the  crucible  and  contents  dried  for  one 
hour  at  approximately  100  deg.  cent,  and  weighed  to  0.1  mg. 
(Report  of  Committee  on  Standard  Methods  for  Examination  of 
Air,  previously  mentioned.  See  also  "A  Study  of  Methods  for  De- 
termining Air  Dustiness,"  by  Palmer,  Coleman,  and  Ward,  American 
Journal  of  Public  Plealth,  Vol.  G,  No.  10,  from  which  the  following 
(h'rections  are  taken.) 

In  the  technique  to  he  followed  with  the  water  spray  sampler  certain  rules 
and  precautions  are  essential : 

1.  The  rate  of  air  flow  should  not  exceed  5  cu.  ft.  of  air  per  minute. 

2.  To   obtain   sufficient   dust   for  weighing  purposes   in   atmospheres  that   are 

not  visibly  dusty  there  are  required  from  200  to  400  cu.  ft.  of  air. 

3.  In   environments   that   are   visibly   dusty,    sampling   need   not   be    extended 

beyond  200  cu.  ft.,  in  fact,  it  is  unnecessary  to  exceed  100  cu.  ft.  pro- 
viding the  water  by  that  time  is  noticeably  turbid,  that  is,  equalling  a 
reading  of  200  on  the  turbidity  scale. 

4.  For  general  inspection  work  it  is  not  felt  that  it  is  necessary  to  measure 

the  turbidity  so  long  as  the  weight  and  count  determinations  are  made. 

5.  For  weight  determinations  it  is  recommended  that  the  reading  be  carried 

out  to  a  tenth  of  a  milligram. 

6.  In   counting  particles  in   the   Sedgwick-Rafter   cell,   it  is   suggested   that  a 

quarter  field  be  counted  at  five  points  in  the  cell,  at  the  center  and  near 
the  four  corners.  (This  precaution  is  intended  to  minimize  the  inclina- 
tion to  seek  out  crowded  areas  of  the  plate  to  count  and  pass  over  the 
sparsely  dotted  spaces.) 

7.  Two   distinct   cubic   centimeters   of   the   sample   should   be   counted   in   the 

Sedgwick-Rafter  cell.  The  average  count  for  the  sample  is  then  to  be 
determined  from  the  ten  counts,  five  being  made  on  each  slide. 

8.  The  cell   should   stand   five  minutes  after  being  filled  before  the   count   is 

made.  This  time  is  sufficient  to  allow  the  dust  particles  to  come  to 
position  either  at  the  bottom  of  the  cell  or  to  the  surface  of  the  water; 
otherwise,  particles  between  the  top  and  bottom  will  be  missed  as  it  is  not 
feasible  to  alter  the  focus  of  the  microscope  so  as  to  search  the  entire 
depth  of  the  liquid. 

The  adoption  of  this  device  by  the  New  York  State  Commission 
on  Ventilation  followed  the  most  exhaustive  tests  of  all  forms  of 
dust  determining  devices  available  at  the  time,  and  this  device  was 
found  in  every  way  the  most  satisfactory.  Since  that  time,  how- 
ever, Dr.  E.  V.  Hill,  of  Chicago,  has  produced  a  new  dust  sampling 
device,  which  is  claimed  to  have  great  merit,  but  inasmuch  as  it  has 
not  come  into  general  use  and  has  not  been  tested  in  comparison 
with  other  devices,  as  has  the  water  spray  apparatus,  nor  has  it 
been  standardized  with  such  other  apparatus,  the  authors  of  this 
paper  do  not  feel  that  it  should  be  substituted  for  the  better  known, 
and  altogether  satisfactory  water  spray  apparali-.s. 
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Bacteria  Determination  :  In  some  cases  the  determination  of  the 
bacterial  content  of  the  air  is  desirable.  It  has  advantages  similar 
to  the  determination  of  CO2  as  an  index  of  stagnant  air  areas  or 
air  supply.  For  this  purpose  the  Wallace  &  Tiernan  air  sampling 
pump  is  a]:)proved  as  the  most  efficient  device  (Fig.  30). 

This  machine  consists  of  an  electric  motor  attached  by  a  belt  to  a 
small  exhaust  pump,  which  in  turn  is  connected  through  a  small 
cylinder  and  manometer  to  a  metal  socket.     Into  this  metal  socket 


FIG.   30.      .SAND   FILTER    WITH   WALLACE   &  TIERNAN   AIR   PUMP 


is  introduced  a  rubber  cork  through  a  perforation  in  which  is  passed 
a  glass  tube. 

The  sand  tube  itself  is  a  tube  open  at  the  top  and  closed  by  a 
perforated  cork  at  its  lower  end.  Through  this  perforation  passes 
the  small  glass  tube  above  described,  connecting  the  machine  with 
the  sand  tube  proper.  The  cork  is  covered  with  a  very  fine  specially 
prepared  gauze.  In  the  interior  of  the  tube  is  introduced  a  very 
fine  quality  of  specially  prepared  white  sand.  The  gauze,  above 
referred  to,  prevents  the  sand  from  being  discharged  from  the  tube. 
In  order  to  take  a  sample,  the  above  tube  is  previously  thoroughly 
sterilized  and  sealed,  and  is  then  connected  through  the  rubber  cork 
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with  the  exhaust  machine.  The  seal  is  then  removed  from  the  open 
end  of  the  tube,  the  machine  is  placed  in  motion  and  the  manometer 
read,  the  quantity  of  air  passing  through  the  tube  being  noted.  A 
standard  of  6  cu.  ft.  of  air  is  found  to  be  the  most  practical  in  the 
field,  and,  on  an  average,  takes  twenty  minutes  to  obtain. 

The  microbic  content  of  the  air  in  occupied  rooms  in  all  classes  of 
buildings  should  not  exceed  120  per  cu.  ft.  of  air,  developing  on 
gelatin  at  20  deg.  cent,  in  seven  days. 

Volumetric  Air  Measurements:  Volumetric  air  measurements 
must  be  made  with  skill  and  precision  and  great  care  must  be  taken 
in  securing  the  right  conditions  under  which  such  measurements  are 


FIG.  31.     TYPICAL  ANEMOMETER 


made.  There  are  two  general  methods  in  use  for  measuring  air 
volumes,  the  first  being  the  anemometer  method  (Fig.  31)  and  the 
second,  by  m.eans  of  determining  the  kinetic  energy  of  the  moving 
air  current   by   the   use   of    suitable    U-gauges   containing   a   fluid. 

While  the  anemometers  give  the  air  velocities  directly,  the  kinetic 
measurements  of  the  air  current  require  specially  constructed  gauges, 
tubes,  etc.,  as  hereinafter  described.  Generally  speaking,  it  will  re- 
quire considerable  more  practical  and  technical  skill  to  take  volu- 
metric air  measurements  by  means  of  the  latter  method,  whereas  the 
anemometer  method  can  be  used  accurately  after  a  short  experience. 

The  authors  therefore  recommend  that  volumetric  air  measure- 
ments be  taken  whenever  possible,  with  anemometers,  due  to  the 
fact  that  errors  are  much  less  apt  to  occur. 
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Aneuiouictcrs:  The  ordinary  anemometers  should  be  used  for  the 
lower  velocities  only,  the  maximum  range  being  considered  as  from 
2  ft.  to  20  ft.  per  sec.  There  are,  however,  special  anemometers 
made  which  will  measure  air  currents  up  as  high  as  100  ft.  per 
second.  It  is  therefore  necessary,  where  wide  ranges  in  air  veloci- 
ties are  involved,  to  use  two  anemometers. 

In  testing  the  air  flow  in  a  large  ventilating  plant  a  preliminary 
measurement  should  first  be  made  so  as  to  secure  a  general  knowl- 
edge of  the  air  distrilnition.  Before  preliminary  readings  are  taken 
all  dampers  and  registers  should  be  opened.  Preliminary  readings 
can  be  made  by  holding  the  anemometer  2  in.  from  the  register  face 
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FIG.  i2.     PRESSURE  CONDITIONS  OF  MOVING  AIR 


or  grille  and  going  slowly  back  and  forth  over  the  entire  area  of 
the  register  for  one-half  minute's  time.  The  amount  of  air  should 
be  computed  for  the  entire  area  traveled  by  the  anemometer,  no 
deduction  being  made  for  the  metal  of  the  register  itself. 

After  preliminary  readings  and  adjustments,  the  final  readings 
should  be  taken.  The  registers  or  openings  should  then  be  propor- 
tioned ofif  in  about  8  in.  squares  and  a  reading  taken  on  each  square, 
the  average  of  velocities  to  be  taken  as  the  average  air  velocity 
through  the  register  or  grille. 

Where  diffusers  are  used,  the  average  velocity  should  be  deter- 
mmed  by  placing  over  the  diffuser  a  suitable  collar  of  not  less  than 
four  times  the  length  of  the  distance  that  the  diffuser  extends  beyond 
the  wall  face  and  readings  taken  as  above  described  for  registers. 
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The  time  for  taking  readings  should  be  not  less  than  one-half 
minute  for  the  preliminary  measurements  and  as  much  time  as  is  re- 
quired to  secure  accurate  readings  for  the  final  measurements. 

Anemometers  should  be  calibrated  frequently  as  to  their  accuracy 
under  the  varying  velocities. 

Conditions  of  Pressures  Existing  in  a  Duct  Conveying  Air:  The 
conditions  encountered  in  a  duct  conveying  air  as  related  to  air 
measurements  are  illustrated  in  Fig.  o'l.  If  such  measurements  are 
taken,  the  static  pressure,  velocity,  and  dynamic  pressures  of  the 
moving  air  should  be  thoroughly  understood. 

In  general,  no  accurate  velocity  pressure  readings  can  be  taken 
of  any  air  current  which  is  affected  by  changes  of  directions  of  the 
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FIG.  33.     THE  PITOT  TUBE. 


ducts.  Accurate  readings  can  only  be  taken  in  a  duct  which  is 
straight  and  without  turns  and  elbows  for  a  distance  of  at  least  50 
times  the  diameter  of  the  circular  duct,  or  the  greatest  dimension 
of  a  rectangular  duct.  Where  space  conditions  do  not  make  such 
conditions  possible,  baffling  or  dividing  the  duct  into  numerous 
smaller  ducts  by  division  plates  becomes  necessary.  Pressure  condi- 
tions must  be  determined  over  the  entire  area  in  not  less  than  twelve 
readings. 

Pitot  Tubes:  Measurements  of  air  velocities  exceeding  30  ft. 
per  second  should  be  made  by  means  of  pitot  tubes.  Of  the  many 
tubes  in  use,  the  American  Blower  Company's  tube,  as  illustrated 
in  Fig.  33,  should  be  adopted  as  a  standard.  Volumetric  determina- 
tions from  pitot  tube  readings  must  take  into  account  the  baro- 
metric pressure,  temperature,  humidity,  and  the  possible  dust  of  the 
air.     These  factors  determine  the  weight  or  density  of  the  air. 
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For  all  field  work  it  will,  however,  be  sufficient  to  take  the  av- 
erage barometer  of  the  altitude  at  which  the  measurements  are 
taken  and  assume  dry  air  at  corresponding  temperatures.  Volumes 
for  densities  of  the  air  may  be  taken  from  any  standard  engineer- 
ing hand-book. 

For  determining  the  velocity  of  moving  air  current,  Table  No.  3 
(see  Appendix)  of  velocity  pressures  will  assist  in  giving  quick  but 
approximate  results.  To  give  a  concrete  example  we  will  assume 
that  the  gauge  has  been  set  at  an  incline  of  1  to  20  and  that  alcohol 
is  used  having  a  specific  gravity  of  0.8-i  and  that  the  alcohol  column 
moved  up  in  the  glass  tube  a  distance  of  3  in.  An  alcohol  column 
of  3  in.  would  equal  a  water  column  of  3  x  0.84  =  3.52  in.  water 
column.  The  glass  gauge  having  been  set  1  to  20,  the  actual  height 
of  the  water  column  would  be  2.52  ^  20  ^  0.121  in.  of  water.  By 
referring  to  Table  No.  3,  we  note  that  if  air  at  0  deg.  had  been 
moved,  the  velocity  would  be  slightly  below  22  ft.  per  second ;  if 
air  at  70  deg.  had  been  moved,  it  would  be  slightly  below  24  ft.  per 
second,  and  if  air  at  140  deg.  had  been  moved,  it  would  be  about 
25  ft.  per  second.  The  amount  of  air  moved  under  these  conditions 
is  easily  computed  by  multiplying  the  velocity  in  feet  per  second  by 
the  cross-sectional  area  of  the  moving  air  current  in  square  feet. 
To  secure  the  amount  of  air  per  minute,  multiply  this  amount  by  60 
and  if  the  hourly  quantity  is  required,  multiply  the  velocity  by  3,600. 

Where  greater  accuracy  is  desired  the  density  of  the  air  must 
be  determined  and  the  pitot  tube  readings  must  be  converted  into 
velocities  by  the  following  formula  : — 

P 

V  =  1096.5     . 


W 

Where  V  =  velocity  in  feet  per  minute ; 
P  =  pressure  in  inches  of  water ; 
W  =  weight  of  air  in  pounds  per  cubic  foot. 

For  further  information  it  is  recommended  that  reference  should 
be  made  to  the  special  report  of  a  Committee  of  The  x^merican 
Society  of  Heating  and  Ventilating  Engineers,  at  the  Annual 
Meeting  in  1915  (see  Volume  XXI  of  the  Transactions). 

Gauges  or  Manometers :  In  view  of  the  fact  that  the  velocity 
pressure  exerted  by  moving  air  in  ordinary  duct  systems  is  very 
slight,  frequently  going  below  1/1000  inch  of  water, the  most  accurate 
gauges  for  measuring  these  low  pressures  must  be  used.  For  all 
such  measurements  gasoline,  benzine,  or  preferably  alcohol  should 
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be  used,  with  levels  for  setting  the  instrument  horizontal  in  both 
directions.  The  instruments  must  be  placed  upon  a  firm  table  to 
avoid  vibration.  The  tube  should  be  inclined  for  accurate  measure- 
ments on  low  velocities  about  1  to  50  and  even  1  to  100  may  become 
necessary  where  extreme  accuracy  at  low  velocities  is  desired.  With 
careful  instruments  it  is  possible  to  read  wnth  accuracy  very  nearly 
1/100  inch  of  water. 

Recording  Air  Flow  Meter:  Recording  instruments  for  this  pur- 
pose should  be  installed  when  a  certain  quantity  of  air  must  be  de- 
livered and  when  this  is  of  vital  importance.  This  seems  to  be  the 
case    in    certain    manufacturing   processes. 

During  the  past  few  years  a  great  deal  of  work  has  been  done  in 
measuring  gases  with  the  Thomas  Meter  which  is  manufactured 
by  The  Cutler-Hammer  Mfg.   Co..   Milwaukee.  Wis. 


FIG.   34.     TYPICAL  C.MXiK  OR  MANOMETER 

The  Thomas  Meter  measures  a  gas  such  as  air  by  warming  it 
just  two  degrees  as  it  flows  through  the  meter,  and  measuring 
accurately  the  quantity  of  heat  required  to  do  this  warming. 

For  most  elementary  gases  wdiich  make  up  industrial  gases,  the 
quantity  of  heat  required  to  warm  one  standard  cubic  foot  one 
degree  is  quite  nearly  the  same ;  also  for  any  given  type  of  indus- 
trial gas  the  same  general  characteristics  of  analysis  obtain  from 
day  to  day;  therefore  the  total  heat  capacity  of  a  standard  cubic 
foot  remains  essentially  the  same  from  day  to  day.  This  is  par- 
ticularly true  of  air  because  its  two  principal  components  exist  in 
almost  constant  proportion. 

Also  if  a  standard  unit  quantity  of  air  is  compressed  from  a 
cubic  foot  volume  to  a  smaller  volume  by  pressure,  or  expanded 
to  a  larger  volume  by  temperature,  the  same  amount  of  heat  will 
still  be  required  to  warm  it  two  degrees  because  it  contains  the 
same  quantity  of  stuff  as  when  it  occupied  its  original  volume. 
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Therefore,  if  just  enough  heat  is  introduced  into  a  flowing  stream 
of  gas  to  warm  it  two  degrees,  a  measure  of  this  quantity  of  heat 
constitutes  a  measure  of  the  rate  of  flow  in  standard  cubic  feet 
regardless  of  its  pressure,  temperature  or  volume  as  it  flows  through 
the  meter;  or,  in  the  form  of  an  equation. 

Heat  input 
Standard    cu.    ft.    = 

Heat  capacity  of  one  std.  cu.  ft.  x  temp,  rise 


FIG.     35.       DI.\tiRAIMMATIC     SKETCH     SHOWING    ESSEXTI.\L    FEATURES     OF 

THOMAS  METER. 


Electrical  energy  is  used  to  warm  the  gas  because  it  can  be  so 
easily  controlled  and  so  accurately  measured.  The  essential  parts 
of  the  meter  are  as  follows  :     (See  Fig.  35.) 
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(a)      A  heater  through  which  electric  current  flows  to  warm  the 

gas. 
Cb)      Thermometers  on  the  entrance  and  exit  sides  of  the  heater 

to  indicate  the  temperature  rise  in  the  gas. 

(c)  A  regulator  to  vary  the  heater  current  so  that,  with  varia- 
tions in  gas  flow,  it  is  always  just  enough  to  warm  the  gas 
two  degrees. 

(d)  A  wattmeter  to  measure  the  electrical  energy  consumed  by 
the  heater  in  warming  the  gas  two  degrees. 


FIG.    36.      SKETCH    OF   THO.M.\S    METER    SHOWI.N'c;    METHOD    OF    OBTAINING 
ACCUR.ATE   CONTROL   OF   TEMPER.\TURE  RISE   IN   THE   FLOWING   .MR. 


It  is  of  course  impractical  to  use  mercurial  thermometers  to  meas- 
ure small  temperature  differences.  Electrical  resistance  ther- 
mometers are  used  as  shown  in  Fig.  3(>.  Each  thermometer  consists 
of  a  long  continuous  length  of  nickel  wire  which  changes  its  resist- 
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ance  with  changes  in  temperature.  The  Wheatstone  Bridge  in 
which  they  are  connected  is  balanced  when  the  temperature  difference 
between  them  is  just  two  degrees,  and  the  galvanometer  needle  stands 
at  zero.  Variations  in  rate  of  air  flow  tend  to  destroy  this  balance 
and  deflect  the  needle  to  the  right  or  left.  In  accordance  with  these 
deflections  the  hea,ter  current  is  adjusted  by  means  of  the  regulator 
to  restore  the  two  degree  temperature  difference. 

The  wattmeter  measures  continuously  the  heater  energy  thus 
regulated  and  its  reading  is  a  measure  of  the  rate  of  air  flow  direct 
in  standard  cubic  feet.  No  corrections  are  necessary  for  pressure 
or  temperature. 

For  testing  purposes  the  regulator  is  manually  controlled  as  shown 
in  Fig.  3(),  and  the  heater  energy  is  measured  with  an  indicating 
wattmeter.  For  continuous  measurement  of  gases  in  commercial 
service  the  regulator  is  entirely  automatic  and  the  results  are 
recorded  on  both  a  totalizing  and  a  graphic  meter. 

Temperature  and  humidity  thermometers  simply  record  the  con- 
ditions of  the  air,  but  not  the  quantity  of  the  air. 

Air  Movement  Determinations:  Temperature,  humidity  and  vol- 
ume of  air  supply  or  exhaust  do  not  appear  to  be  the  only  deter- 
mining^ factors  of  atmospheric  comfort.  Air  movement  is  a  vital 
ractor  in  the  prevention  of  stagnant  areas  and  bodily  discomfort. 
Where  a  determination  of  air  movement  is  desirable  the  Kata- 
thermometer,  as  developed  by  Dr.  Leonard  Hill,  of  England,  may 
be  used.  (See  Report  of  Committee  on  Standard  Methods  for 
Examination  of  Air,  American  Public  Health  Association,  American 
Journal  of  Public  Health.  Vol.  7,  No.  1,  Jany.,  1917,  from  which 
the  following  is  taken.) 

The  Kata-thermometer  outfit.  Fig.  ;]*,  as  first  proposed  by  Dr. 
Hill,  consisted  of  two  specially  constructed  thermometers  v/ith  large 
bulbs  and  stems  graduated  from  86  deg.  to  110  deg.  fahr.,  one  to  be 
used  as  a  dry,  and  the  other  as  a  wet  bulb  thermometer.  The  bulbs 
are  heated  to  about  1 1 0  deg.  and  then  placed  in  clips  which  hold  them 
in  a  horizontal  position,  after  drying  the  bare  bulb  on  a  clean  cloth 
and  jerking  the  excess  moisture  off  the  silk  covered  one.  The 
time  taken  to  fall  from  100  deg.  to  90  deg.  is  then  noted,  best  by  the 
use  of  a  stop-watch. 

The  rate  of  a  fall  of  both  thermometers  will  obviously  be  affected 
by  air  movement  and  radiant  heat  as  w^ell  as  by  air  temperature,  and 
that  of  the  wet  bulb  by  the  humidity  of  the  air  as  well.  Doctor  Hill 
believes  that  the  combined  influence  of  these  factors  will  affect  the 
Kata-thermometers  very  much  as  it  does  the  human  body,  and  sug- 
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gests  a  45-60  second  period  for  the  wet  bulb  and  a  150-180  second 
period  for  the  dry  bulb  as  limits  for  comfortable  atmospheric  con- 
ditions. Recent  studies  by  Prof.  Winslow  (1916)  have  indicated 
that  the  lower  of  the  limits  set  corresponds  very  closely  to  the  av- 
erage vote  of  a  number  of  observers  as  to  bodily  comfort. 

Hill,  Griffith  and  Flack  have  recently  (1916)  presented  a  detailed 
study  of  the  physical  problems  involved,  in  which  the  heat  loss  from 
the  Kata-thermometer  is  calculated  in  a  more  exact  manner  in  milli- 


FIG.    il.     THE   KATA   THERMOMETER 

calories  per  square  centimeter  per  second,  and  the  Siebe,  Forman 
Company,  Chicago,  are  now  putting  out  instruments  whose  factors, 
as  compared  with  a  laboratory  standard,  have  been  determined. 
These  new  bulbs  are  graduated  only  from  95  deg.  to  100  deg.  fahr. 
The  factor  divided  by  the  number  of  seconds  it  takes  to  make  this 
5  deg.  drop  gives  the  rate  of  cooling  at  body  temperature  in  milli- 
calories  per  square  centimeter  per  second.  The  wet  Kata-ther- 
mometer gives  the  rate  of  cooling  by  radiation,  convection  and  evap- 
oration. The  dry  Kata-thermometer  gives  the  rate  of  cooling  by 
radiation  and  convection.  The  difiference  between  the  two  is  the  rate 
of  heat  loss  due  solely  to  evaporation. 


PART  II 

MECHANICS  OF  HEATING  AND  VENTILATION 

Heating  and  Ventilating  Equipment:     The  heating  of  occupied 
apartments  may  be  accomplished  by  any  of  the  following  methods : 

a.  Steam — with  a  gauge  pressure  not  in  excess  of  15  lb. 

b.  Hot  Water. 

c.  Warm  Air — air  entering  rooms  at  a  temperature  not  in  excess  of 

120  deg.,  the  air  being  heated  by  steam  or  hot  water  heaters,  or 
warm  air  furnaces  as  distinguished  from  hot  air  furnaces. 


FIG.  38.     DISC  F.VN 


FIG.  39.     PROPELLER  FAN 


d.  Gas — only  where  the    combustion    chamber    is    closed,    or    the 
products  of  combustion  are  positively  and  continuously  carried 
off   and   discharged    without   the   building.      This    requirement 
should  apply  to  the  so-called  gas-steam  radiators. 
Steam  or  hot  water  heating  systems  may  be  of  either  the  direct 
radiation  type   (radiators  placed  within  the  rooms),  the  blast  sys- 
tem (in  which  the  air  is  drawn  or  forced  over  steam  or  hot  water 
heating   surfaces,    or   through     warm    air     furnaces,     and    thence 
through  ducts  to  the  room  to  be  heated),  or  indirect  gravity  systems 
(in  which  the  air  is  heated  by  indirect  steam  or  hot  water  radiators 
and  from  these  flows  by  gravity  to  the  rooms  to  be  heated). 
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In  the  case  of  the  blast  or  indirect  systems,  suitable  by-pass  ducts 
and  mixing  dampers  for  the  automatic  or  manual  control  of  the 
temperature  should  be  provided,  or  the  heater  should  be  divided  into 
not  less  than  six  sections  separately  connected  and  valved. 

In  the  case  of  hot  water  heating  systems,  the  control  of  room 
temperature  should  be  assured  by  valves  applied  to  each  radiator 
or  section  of  heater,  or  by  means  of  varying  the  temperature  of  the 
hot  water. 

In  the  case  of  the  direct  steam  heating  system,  the  proper  control 
of  the  temperature  should  be  assured  by  means  of  (a)  an  automatic 
temperature   regulating   system,    (b)    the   use   of   fractional   valves, 


FIG.   40.     COXE-TVPE   FAN 


FIG.   41.     CENTRIFUGAL   FAN 


IK..  4J.     COXQIDAL  FAN 


FIG.   43.     SMALL  SIROCCO  FAN 
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which  may  be  applied  to  vacuum,  vapor,  or  atmospheric  systems  of 
steam  heating,  or  (c)  a  proper  sub-division  of  the  radiating  sur- 
faces, each  unit  being  separately  valved,  these  methods  being  named 
in  their  order  of  merit.  Direct  radiators  should  be  placed  along  the 
outside  walls,  and  preferably  under  windows.  Direct-indirect 
radiators  should  never  be  used,  and  indirect  radiators,  where  used 
with  floor  registers,  should  not  be  placed  directly  under  the  register. 
In  ventilating  work,  disc  fans  (Fig.  38)  may  be  used,  when  noise- 
less operation  is  required,  only  where  the  total  pressure  against 
which  the  fan  is  working  does  not  exceed  1/10  in.  of  water  pres- 
sure.    Propeller  or  cone  type  fans   (Figs.  39  and  40)  may  be  used 


Fir..  44.     THE  SIROCCO  BLOWER. 

where  this  pressure  does  not  exceed  0.2b  in.  of  water  pressure. 
Under  all  other  conditions  the  centrifugal  type  of  fan  (Figs.  41.  42 
and  44)  should  be  used. 

Humidifying:  Humidifying  is  required  in  many  industrial 
processes,  and  in  many  instances  it  adds  materially  to  the  quantity 
or  the  quality  of  the  production. 

If  properly  done  humidifying  will,  in  many  cases,  add  materially 
to  the  comfort  of  the  occupants  of  the  building,  that  is,  in  those  in- 
dustries where  considerable  heat  is  generated  by  the  dissipation  of 
a  large  amount  of  power  or  otherwise  in  the  process  of  manufacture. 

In  such  cases,  due  to  the  internally  generated  heat,  the  tempera- 
tures, without  artificial  cooling,  would  be  higher  than  the  outside 
temperature ;  in  fact,  many  such  buildings  need  cooling  even  when 
the  outside  temperature  is  below  freezing. 
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All  evaporation  of  water  in  the  presence  of  air,  except  where  the 
water  is  heated,  is  accompanied  by  a  cooling  of  the  air.  During  hot 
weather  (90  deg.  or  above)  the  air  can  usually  be  cooled  by  evapo- 
ration from  13  to  18  deg.,  and  in  some  instances  as  much  as  25  deg., 
below  the  outside  temperature. 

A  room  in  which  much  heat  is  generated,  or  where  high  hu- 
midities are  carried,  to  be  made  at  all  comfortable  during  the  hot 
weather,  must  be  supplied  with  a  rapid  circulation  of  humidified  air. 

Methods  of  Humidifying :  Methods  of  humidifying  may  be 
broadly  divided  into  tw^o  general  classes : 


FIG.   45.     A  TYPE  OF   DIRECT  HUMIDIFIER. 


A.  The  head  type  of  humidifiers,  which  are  small  machines  with 
nozzles,  which  are  usually  hung  from  the  ceiling  of  the  room  to  be 
humidified,  by  means  of  which  the  water  is  sprayed  directly  into  the 
air  of  the  room.  This  class  may  also  be  subdivided  into  two  general 
divisions : 

1.  Those  in  which  the  spray  is  produced  by  forcing  water  at  a  high 

pressure  through  the  nozzles  (see  Fig.  45)  ; 

2.  Where  compressed  air  or  steam  is  used  for  atomization  (see  Fig. 

46). 

B.  In  the  central  system  of  humidifying  the  air  is  treated  with  the 
spray  and  afterwards  conducted  into  the  room  to  be  humidified  in 
sufficient  volume  to  supply  the  humidity  required.  This  type  of 
system  may  be  further  divided : 
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a.  Those  in  which  no  provision  is  made  for  the  ehmination  of  en- 

trained moisture. 

b.  Those  in  which  all  the  entrainment  is  removed  or  separated  so 

that  the  air  carried  to  the  room  only  has  water  vapor  without  the 
possibility  of  supersaturation  or  entrainment. 
The  blowing  of-  steam  into  an  occupied  room  for  the  purpose  of 
increasing  the  humidity  is  to  be  condemned.     This  method,  in  sum- 
mer, makes  the  room  unbearably  hot,  and  at  all  times  gives  an  odor 
to  the  atmosphere  that  is  quite  objectionable. 

The  head  type  of  humidifiers  can  be  used  advantageously  in  many 
instances,  especially  where  humidities  below  75  per  cent  are  to  be 
maintained,  but  with  this  type  of   equipment,  the  higher  the  hu- 


FIG.  46. 


ANOTHER  TYPE  OF  DIRECT  HUMIDIFIER  USING  COMPRESSED  AIR 
FOR   ATOMIZING. 


midity  the  more  liability  of  some  of  the  water  particles  from  the  hu- 
midifiers falling  upon  the  operatives,  machinery  and  floors  before 
they  are  evaporated,  and  this,  of  course,  should  not  be  allowed. 

For  this  reason  the  head  type  system  should  not  be  used  where 
humidities  above  75  per  cent  are  to  be  maintained,  except  where 
atomization  is  produced  by  means  of  compressed  air,  with  each  hu- 
midifier handling  less  than  ten  pounds  of  water  per  hour.  Only  a 
small  quantity  of  water  should  be  discharged  in  a  single  place  and 
this  must  be  very  finely  atomized. 

With  humidities  of  80  per  cent  or  above,  not  over  6  lb.  of  water 
per  hour  should  be  allowed  for  each  humidifier. 

The  central  type  of  apparatus,  where  provision  is  not  made  for 
the  elimination  of  the  entrained  moisture,  is  liable  to  give  a  less 
even  humidity  in  different  parts  of  the  room  which  is  treated. 
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The  type  of  apparatus,  as  shown  in  Fig.  4T,  where  the  entrain- 
ment  is  separated  from  the  air,  can  be  installed  to  give  a  very  uni- 
form condition  throughout  the  room  and  provide  the  greatest  cool- 
ing effect  in  hot  weather,  maintaining  in  some  instances  tempera- 
tures on  hot  days  as  much  as  10  to  12  degrees  below  the  outside 
maximum. 

For  all  humidifying  systems  the  water  used  should  be  pure  and 
from  the  same  source  as  the  drinking  water  supply. 

All  humidifiers  should  be  cleaned  as  often  as  is  necessary  to  pre- 
vent undue  accumulation  of  dirt,  fly,  waste  or  bacteria  which  is 
necessarily  drawn  from  the  air  by  many  types  of  these  machines. 


I-IG.   47.     CENTRAL  TIUMIDTF VIXG   SYSTEM 


Where  the  amount  of  humicHficalion  required  is  not  great,  and 
a  low  humidity  is  required,  pan  humidifiers  (Fig.  48)  may  be  used 
with  success  in  hot  blast  heating  or  in  indirect  gravity  heating.  These 
units  consist  of  a  pan  containing  steam  coil  with  an  auxiliary  tank 
containing  float  for  water  supply  regulation.  It  is  desirable  that 
the  steam  pressure  should  be  20  lb.  per  sq.  in.  or  more,  in  order 
that  an  excessive  amount  of  pipe  surface  be  not  required,  but  in 
small  plants  low-pressure  steam  or  hot  water  coils  may  be  success- 
fully used. 

Automatic  Temperature  Regulation  :  Where  a  number  of  people 
are  assembled  or  employed  in  the  same  room,  it  is  desirable  that  an 
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average  temperature,  suitable  to  the  majority  be  maintained.  Much 
harm  is  usually  done  in  places  of  this  kind  by  excessive  tempera- 
tures, both  from  the  standpoint  of  health  and  comfort,  and  effici- 
ency of  employees  as  well.  Thermostats,  therefore,  are  very  desir- 
able in  the  majority  of  cases  of  this  kind. 

Investigations  reported  by  the  New  York  State  Commission  on 
Ventilation  show  a  lessening  of  efficiency  in  physical  work  of  15 
per  cent  at  75  deg.  temperature  and  50  per  cent  relative  humidity, 
and  37  per  cent  at  85  deg.  temperature  and  80  per  cent  relative 
humidity. 


FIG.    48.      P.\N    HUMIDIFIER 


1'\vo  types  of  thermostats  are  shown  herewith  (Figs.  49  and  50). 
'i  he  intermediate  acting  thermostat  should  be  used  in  connection 
with  vacuum,  vapor,  atmospheric  and  hot  water  heating  systems, 
and  also  for  the  operation  of  mixing  dampers. 

Automatic  Humidity  Control:  For  processes  of  manufacturing 
requiring  accurate  temperatures  or  humidities  various  types  of  au- 
tomatic controls  may  be  used  to  an  advantage.  (See  Figs.  51,  52 
and  5o.)  These  instruments  operate  either  upon  the  differ- 
ences between  the  dewpoint  temperature  and  the  room  temperature, 
which  is  used  in  connection  with  the  central  system,  or  upon  the 
wet  bulb  depression  in  the  head  system. 
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Air  Inlets:  The  source  of  air  supply  should  always  be  at  a  point 
free  from  any  possible  source  of  contamination,  and  preferably 
from  a  point  well  above  grade  level. 

Heating  Coils:  These  should  be  of  such  form  as  to  be  durable 
and  of  a  form  that  may  be  readily  cleaned.  Cast  iron  surfaces  are 
preferable  because  less  inclined  to  rusting.  Where  rust  of  any  kind 
is  objectionable  these  surfaces  may  well  be  galvanized,  or  brass 
pipes  may  be  used.. 


FIGS. 


A-XD  50. 


TYPES  OF  THERMOSTATS  FOR  AUTOMATIC  TEMPERATURE 
REGULATION. 


Duct  Systems:  For  the  construction  of  air  ducts,  galvanized  iron 
or  steel  is  preferable,  especially  for  air  supply  lines.  Where  neces- 
sary to  avoid  condensation  either  inside  or  outside  the  ducts  should 
be  covered  with  an  insulating  material.  Underground  ducts  should 
be  avoided  wherever  possible,  but  where  they  must  be  used  extreme 
care  should  be  taken  to  make  them  water-proof  and  vermin-proof. 
Where  acid  fumes  are  to  be  removed,  wood,  lead  or  tile  ducts  should 
be  used. 
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Registers:  Because  of  the  accumulation  of  dust  thereon  registers 
are  generally  unsanitary  and  funnel  openings  are  preferred. 

Air  Discharges:  Exhaust  discharges  from  ventilating  plants 
should  be  carried  away  from  the  doors,  skylights  or  air  inlets  and 
poisonous  fumes  should  be  discharged  straight  up  into  the  air. 

Air  Washers :  ,  Air  washers  should  be  used  for  the  removal  of 
mechanical  impurities  of  the  air.  The  use  of  air  washers  does 
not  obviate  the  importance  of  the  taking  in  of  the  air  from  an  en- 
tirely unobjectionable  source.  The  frequent  cleaning  and  washing  of 
the  air  washer  is  most  important. 


FIGS.    51     AND    52.      TVPE.S    OF    AUTOM.\TIC    HUMIDITY    REGULATORS 

Operation  :  Frequent  complaints  are  made  as  to  the  results  from 
the  operation  of  ventilating  plants.  In  the  vast  majority  of  cases 
this  fault  is  due  more  to  the  method  of  operation  than  to  the  char- 
acter of  the  plant  or  its  method  of  installation.  Where  ventilation 
is  of  vital  importance,  especially  in  industrial  establishments,  the  re- 
sponsibility for  the  operation  of  the  ventilating  plant  should  be 
definitely  fixed  upon  a  capable  engineer  who  should  be  held  re- 
sponsible for  results  obtained,  or  the  manager  of  the  plant,  foreman 
of  the  particular  room  or  building,  should  be  held  responsible  for 
proper  operation. 
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Disc  Fans:  Air  movement  is  a  most  important  factor  in  ventila- 
tion for  promoting  the  comfort  of  the  occupants.  Disc  fans  will 
be  found  most  effective  in  bringing  about  such  air  circulation,  and 
their  use  should  be  made  compulsory  wherever  comfort  demands 
them.  These  should  be  preferably  of  the  oscillating  or  gyrating 
pattern.     (See  Figs,  ."i  1  to  Tu .) 


PILOT 
VALVE 


FIG.    53.      ANOTHER    TYPE    OF    .\UTOM.\TIC    IIUMIDITV    REGUL.\TOK 


Cooling :  Wherever  it  is  necessary  to  work  in  rooms  which  may 
become  overheated,  due  to  manufacturing  processes,  cooling  should 
be  provided.  The  degree  of  cooling  should,  in  all  cases,  be  mod- 
erate in  order  to  avoid  shocks  and  colds  to  a  person  when 
entering  from  a  warm  room  into  a  cool  room.  It  has  been  found  that 
a  slight  degree  of  cooling,  particularly  with  an  active  air  current,  is 
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more  comfortable  and  invigorating  than  a  large  degree  of  cooling. 
Over-cooling  may  become  as  injurious  as  over-heating.  If,  for 
instance,  comfort  conditions  are  to  be  considered  only,  maximum 
temperature  variations  should  be  as  follows : 

Outside  Inside 

80  deg 74  deg. 

85  deg 75  deg. 

90  deg 79  deg. 

95  deg 83  deg. 


FIG.  54.     ST.ATIONARY  F.\X 


If  manufacturing  conditions  are  to  be  considered,  where,  for  in- 
stance, a  constant  temperature  is  desirable  for  the  manufacturing 


FIG.  S5.     FOUR  BLADE  OSCILLATING  FAN 
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processes  all  the  year  around,  it  is  better  to  have  75  deg.  as  the  con- 
stant temperature  and  maintain  this  temperature  at  a  slight  expense 
of  over-heating  in  the  winter  months,  than  to  maintain  65  deg.  in  the 
summer  months  and  only  heat  the  building  to  65  deg.  in  the  winter 
months.    Where  manufacturing  conditions  require  a  temperature  of 


FIG.   56.     CEILIXG  TYPE  GYRATING  FAN 

around  60  deg.,  the  workers  should  be  well  dressed  with  woolen 
clothing  before  entering  such  rooms  in  the  summer  months. 


_  \>  - 

FK;.     57.       ELECTROLIER    FAN     WITH     FOLK     LOOP-AND-LINK    UNITS 
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Cooling  may  be  accomplished  directly  or  indirectly. 

By  direct  cooling  is  meant  the  installation  of  cooling  surfaces 
directly  in  the  rooms.  In  occupied  rooms  this  method  should  be 
avoided  for  the  reason  that  condensation  will  form  on  the  cooling 
surfaces.  This  condensation  will  usually  drop  to  the  floors  and  walls 
creating  wet  and  moist  spots  which  propagate  bacteria  and  are  other- 
wise annoying. 

Indirect  cooling  provides  that  the  cooled  air  is  driven  into  the 
rooms,  which  cooled  air  in  turn  cools  the  room  air,  and  this  is  in  all 
cases  preferable.  The  air  may  be  cooled  by  means  of  coils,  pipes 
and  the  like,  in  which  is  circulated  a  cold  fluid,  or  by  coming  in  direct 
contact  with  water  spray.  If  a  water  spray  is  used  the  water  is 
usually  cooled  substantially  below  the  temperature  of  the  air  to  be 
cooled. 

Cooling  of  air  may  also  be  accomplished  by  adding  moisture  to 
the  air,  in  other  words,  by  evaporation  of  water ;  a  condition  taking 
place  in  an  ordinary  air  washer  in  dry  weather.  This  method  of  cool- 
ing is  usually  not  sufficient  to  afifect  a  decidedly  better  temperature 
change  within  the  room  except  when  the  room  would  otherwise  be  at 
a  temperature  of  90  deg.  or  more  and  the  outside  air  is  comparatively 
dry. 

It  may,  however,  serve  to  overcome  a  temperature  increase  due 
to  heat  generation  from  friction  of  machinery  or  heat  generated  by 
manufacturing  processes. 

Air  should  preferably  be  cooled  to  a  degree  that  will  also  de- 
humidify,  that  is,  extract  moisture  from  the  air  while  being  cooled. 
This  will  require  refrigerating  machinery,  or  cold  well  water  in 
quantity.  In  general,  if  a  room  is  to  be  kept  5  deg.  or  more  below 
the  mean  daily  temperature,  artificial  refrigeration  becomes  neces- 
sary. 

It  is,  however,  impossible  to  prescribe  general  rules  which  would 
be  considered  accurate  and  it  is  advised  that  where  cooling  is  neces- 
sary a  specialist  be  called  in  to  solve  the  problem  by  the  best  and 
most  economical  method. 

Dust  and  Fume  Removal :  The  problems  relating  to  the  removal 
of  dust,  gases  and  fumes  are  varied  in  character  and  no  rules  can  be 
formulated  to  cover  all  cases  and  conditions.  The  rules  of  the  New 
York  State  Department  of  Labor  (see  Bulletin  No.  12  of  the  Indus- 
trial Board)  are  recommended  for  general  application. 


APPENDIX 
PROPOSED  STANDARDS  FOR  VENTILATION 

Prepared   by   Committee   consisting   of 
C.  E.  A.  WiNSLOw,  Chairman,  Rudolph  Hering,  and  D.  D.  Kimball 

1.  Temperature :  The  temperature  in  occupied  rooms  during 
periods  of  occupancy  shall  not  be  less  than  60  deg.  fahr.  nor  more 
than  72  deg.  fahr.  unless  the  outside  temperature  exceeds  60  deg. 
fahr.  (The  maximum  limit  of  temperature  shall  not  apply  to 
foundries,  boiler  or  engine  rooms,  or  other  rooms  the  special  use 
of  which  requires  or  makes  advisable  other  temperatures.  For 
such  cases  special  limits  may  be  established  by  the  United  States 
Public  Health  Service.) 

2.  Humidity :  The  relative  humidity  in  occupied  rooms  shall 
not  be  permitted  to  exceed  70  per  cent  except  when  the  relative 
humidity  out  of  doors  exceeds  60  per  cent.  For  special  industrial 
processes  where  high  humidities  are  necessary  or  unavoidable  special 
limits  may  be  established  by  the  United  States  Public  Health  Service. 
In  no  case,  however,  shall  the  wet  bulb  temperature  exceed  75  deg. 
The  mterval  between  the  wet  bulb  and  the  dry  bulb  temperatures 
shall  be  at  least  2  deg.  for  temperature  of  70  deg.  dry  bulb  and 
below ;  while  for  dry  bulb  temperatures  between  70  deg.  and  79  deg. 
the  following  intervals  shall  obtain  : 

Rel.  Hum.,  Per  Cent 

88 
87 
86 
85 
84 
82 
82 
81 
81 
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Dry  Bulb 

Wet  Bulb 

71 

68.5 

72 

69 

73 

70 

74 

70.5 

75 

71.5 

76 

72 

77 

73 

78 

73.5 

79 

74.5 
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3.  Carbon  Dioxide:  The  carbon  dioxide  shall  not  at  any  time 
exceed  15  parts  in  10,000  volumes  of  air  in  any  part  of  the  occupied 
spaces  as  determined  by  the  use  of  the  Peterson-Palmquist  instru- 
ment. (This  requirement  may  be  modified  under  approval  of  the 
United  States  Public  Health  Service  as  applying  to  breweries,  water 
charging  rooms,  or  other  rooms  where  high  quantities  of  carbon 
dioxide  are  released  in  manufacturing  processes.) 

4.  Fumes  and  Dust:  If  dusts,  gases,  fumes,  vapors,  odors, 
fibers  or  other  impurities  are  generated  or  released  in  the  course  of 
the  operations  carried  on  in  any  work  room,  there  shall  be  provided 
in  all  such  cases  devices  that  shall  remove  said  impurities  from  the 
work  room  at  their  point  of  origin,  as  far  as  practicable.  Where 
required  proper  hoods  connected  to  ducts  and  exhaust  fan  or  fans 
shall  be  provided  of  sufficient  capacity  and  operating  at  sufficient 
pressure  to  remove  such  impurities.  Such  fans  shall  be  kept  run- 
ning constantly  while  such  impurities  are  being  generated  or  re- 
leased, and  shall  discharge  at  such  point  above  the  roof  or  other- 
wise and  be  provided  with  such  dust  collector  or  other  separator  as 
may  be  necessary  to  safeguard  the  fresh  air  supply  for  the  build- 
ing from  contamination  and  to  prevent  any  public  nuisance  in  the 
neighborhood. 

Note  A.  Your  committee  believes  it  will  be  best  to  leave  more  specific 
regulations  to  be  made  to  meet  individual  cases  by  the  United  States  Public 
Health  Service.  We  suggest  as  a  general  model  for  regulations  covering 
dust  removal  Rules  700  to  716  of  the  Industrial  Code  of  the  State  of  New 
York,  adopted  May  5,  1915. 

Note  B.  The  air  of  the  workroom  should  in  all  cases  be  substantially  free 
from  the  following  poisonous  compounds. 

acrolein  hydrochloric  acid 

ammonia  hydrofluoric  acid 

amy]  acetate  mercury  or  salts  of  mercury 

amylic  alcohol  methyl  alcohol 

anilin  nitric  acid 

arseniuretted  hydrogen  nitrogen  oxides 

benzene  and  toluene  nitrobenzene  and  notrotoluene 

carbon  bisulphide  phosgene 

carbon  monoxide  phosphoris  and  its  compounds 

carbon  tetrachloride  picric  acid 

chlorine  sails  of  lead 

chromium  and  chromium  salts  sulphuric  and   sulphurous  acid 

formaldehyde  sulphuric  ether 

fulminate  of  mercury  trinitrotoluene 

hydrocyanic  acid  zinc  and  its  compound 

Note  C. — The  comment  has  been  made  that  the  wet  bulb  limit  of  7.5  deg.,  as 
provided  in  these  standards,  while  suitable  for  the  climate  of  England,  should 
be  79  deg.  for  this  country,  and  there  appears  to  be  reasonable  grounds  for 
this  opinion. 
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DISCUSSION 

Prof.  W.  F.  \'erner  :  I  certainly  was  pleased  to  see  this  paper 
in  our  Journal.  I  hope  there  are  more  of  the  kind.  I  think  we  are 
sometimes  inclined  to  get  a  little  bit  behind  the  times,  and  pick  up 
our  old  text-books  or  some  of  our  old  catalogs  and  find  things  such 
as  are  illustrated  in  old  form.  This  is  keeping  us  up  to  date.  Prob- 
ably in  a  couple  of  years  this  will  be  out  of  date.  If  we  keep  this 
up  every  year,  I  think  it  will  be  a  great  benefit  to  old  as  well  as 
young  members. 

H.  M.  Hart:  I  was  very  glad  to  see  that  some  work  is  being 
done  by  this  Society  along  this  line.  The  first  snag  that  the  Chicago 
Commission  on  Ventilation  ran  against  was  the  fact  that  there  were 
no  established  standards  for  methods  of  testing,  and  we  had  to  sit 
down  and  establish  some  standards  of  our  own.  The  fact  often  cajne 
up  in  discussion  between  members  of  this  Commission  who  are 
members  of  this  Society  that  this  Society  should  have  before  this 
established  standards  of  ventilation  and  methods  of  testing  not  only 
ventilation  but  heating. 

Dr.  E.  \\  Hill  :  I  have  been  very  much  interested  in  this  paper 
since  its  appearance  in  the  Journal,  particularly  with  regard  to  two 
propositions :  The  first  one  is  the  apparatus  recommended  for 
dust  determination,  and  the  other  is  the  method  for  determining  the 
bacterial  content  of  the  air.  I  am  particularly  interested  in  these 
two  test  methods  as  I  have  done  considerable  work  of  an  experi- 
mental character  along  these  lines. 

It  occurs  to  me  that  sooner  or  later  there  is  going  to  be  some 
diversity  of  opinion  with  regard  to  the  efficiency  and  desirability  of 
different  test  methods  and  instruments.  Some  of  them  will  undoubt- 
edly become  recognized  as  standard  instruments  or  methods  and 
some  will  not.  It  seems  to  me  that  the  society  ought  to  recognize 
this  situation  and  that  a  committee  should  be  appointed  by  the  Pres- 
ident to  give  this  matter  very  careful  consideration ;  to  analyze  and 
test  different  instruments  and  methods  that  have  been  suggested  or 
are  in  use  and  to  select  those  that  are  the  most  desirable  for  the 
purpose  intended,  and  recommend  them  for  approval  by  the  Society. 

I  believe  that  while  the  work  of  a  committee  of  this  kind  will  be 
to  a  great  extent  thankless,  still  the  time  is  at  hand  when  this  should 
be  done  and  I  move  you,  Mr.  President,  that  a  Committee  on  Stand- 
ard Methods  and  Instruments  be  appointed  by  the  chair  to  take  up 
this  work. 

(The  motion  was  seconded  and  carried.) 
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THE  FRICTION  OF  WATER  IN  IRON  PIPES 
AND  ELBOWS 

By  F.  E.  Giesecke,  Alstin,  Texas. 
Member 

IX  the  writer's  paper  on  the  Determination  of  Pipe  Sizes  for  Hot 
Water  Heating  Systems,  published  in  the  Journal,  Vol.  XXI, 
Xos.  1  and  2,  attention  was  called  to  the  desirability  of  determin- 
ing the  friction  of  water  in  standard  American  pipes  and  fittings.  To 
make  such  a  determination,  a  series  of  experiments  was  inaugurated 
by  the  Division  of  Engineering,  Bureau  of  Economic  Geology  and 
Technology  of  the  University  of  Texas,  in  Xovember,  1916  ;  these 
experiments  have  progressed  sufficiently  to  announce  the  results. 

The  apparatus  which  was  used  in  the  experiments  is  shown  in 
Fig.  ].  It  consists  essentially  of  two  tanks,  B  and  C,  connected  by  a 
pipe  line  containing  the  pipes  or  elbows  to  be  tested,  and  the  neces- 
sary devices  for  measuring  the  velocity  of  the  water  and  the  fric- 
tion-head. The  water  flows  from  the  tank  B  to  the  tank  C,  through 
the  pipes  and  fittings  to  be  tested  together  with  such  additional 
pipes  and  fittings  as  are  necessary  to  connect  the  two  tanks  ;  the 
velocity  of  the  water  was  determined  by  calibrating  the  pipe  to  be 
tested  and  weighing  the  water  flowing  through  the  same  in  a  definite 
period  of  time.  The  friction-head,  at  any  time,  was  shown  directly 
by  the  dift'erence  in  the  elevation  of  the  water  in  the  two  tanks  ;  this 
was  measured  by  means  of  hook  gauges. 

In  conducting  these  experiments,  it  was  necessary  to  let  the  water 
flow  until  the  level  of  the  water  in  the  two  tanks  became  stationary; 
when  this  condition  was  attained  any  two  successive  readings 
showed  exactly  the  same  friction-head  and  the  same  velocity,  the 
water  was  flowing  with  a  uniform  velocity,  and  the  difference  in 
the  elevation  of  the  water  in  the  two  tanks  was  exactly  equal  to 
the  friction-head  in  the  pipes  or  elbows  to  be  tested  together  with 
the  friction-head  of  the  additional  pipe  and  fittings  and  that  of  the 


Presented  at  the   Scmi-Annual   Meeting  of  The   .\merican    Society   of  Heating   and 
Ventilating  Engineers,  Chicago,  III.,  July,  1917. 


500 


Friction  of  Water  in  Iron  Pipes  and  Elbows 


inlet  and  outlet  of  the  tanks.  The  actual  execution  of  the  tests  was 
quite  tedious;  it  fretjuently  required  longer  than  one  hour  to  secure 
one  final  reading  of  velocity  and  corresponding  friction-head. 

To  find  the  friction  in  one  foot  of  pipe,  the  two  tanks  were 
connected  so  that  the  connecting  pipe  line  included  two  joints  of 
the  pipe  to  be  tested,  each  joint  about  20  ft.  long;  the  friction  was 
determined  for  a  number  of  different  velocities  and  the  results  were 
plotted  as  shown  in  Fig.  2  by  the  line  ABC;  the  point  B  in  this 
line  shows  the  critical  velocity  of  the  water  for  this  particular  pipe 
line.  Having  completed  this  test,  the  two  joints  of  pipe  were  re- 
moved and  a  piece  about  8  ft.  long  cut  from  each  ;  these  two  pieces 


FIG.    1.     THE  AI'PAK.\TUS   USED   EuU   TliL 


LUIMEXTS. 


were  then  used  to  replace  the  two  long  joints  in  the  first  test ;  the 
friction  of  the  pipe  line  was  again  determined  for  a  number  of  dif- 
ferent velocities  and  the  results  plotted  as  shown  in  Fig.  2  by  the 
line  D  E  f.  The  two  conduits  connecting  the  two  tanks  in  the  two 
tests  were  exactly  alike  except  that  in  the  first  case  there  were  about 
24  ft.  more  of  straight  pipe  than  in  the  second  case ;  the  dift'erence  in 
friction  in  the  two  cases  was  due  to  the  2-i  ft.  of  straight  pipe  and,  by 
division,  the  friction  due  to  one  foot  was  found.  The  results  were 
plotted  as  shown  in  Fig.  3  by  the  line  G  H  I. 

The  results  shown  in  Fig.  2  were  found  for  1^  in.  black  pipe; 
the  difference  in  length  of  the  straight  pipe  in  the  two  cases  repre- 
sented was  25.07  ft. 
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The  equations  showing  the  relation  between  the  friction  and  the 
velocity  for  the  cases  shown  in  Fig.  2  are : — 
For  the  line  A  B  (below  the  critical  velocity),  h  ^  0.1145  v^-^^ 
For  the  line  D  E  (below  the  critical  velocity),  h  =  0.0913  v^-*^ 
For  the  line  B  C  (above  the  critical  velocity),  h  =:  0.2695  v'^-^'^ 
For  the  line  E  F  (above  the  critical  velocity)  h  =  0.1523  v^-^^" 


. 

/ 

/ 

/ 

/ 

y 

/ 

/ 

f     , 

/    / 

/    / 

i    / 

J 

/ 
/ 

/ 

/ 

T     1 

tl     L 

t 

J 

f 

1 

/ 

\ 

/ 

/ 

> 

/ 

/ 

% 

/ 

/ 

01 

BJ 

^/ 

'/ 

f 

/ 

/ 

/                  / 

/                 / 

/'         / 

/         / 

/ 

/ 

• 

J 

/ 

/ 
/ 

A 
001 

_D 

/ 
/ 

FIG. 


VELOCITY  IN  rc^r   PCR   SECOND 

DIAGRAM  SHOWING  THE  FRICTION  OF  FLOW  OF  WATER  IX   lU  IN- 
PIPE   AT   DIFFERENT   VELOCITIES. 


From  Fig.  3,  the  equations  showing  the  relation  between  the  fric- 
tion and  the  velocity  for  one  foot  of  1^4  in.  black  pipe  are: 
For  the  line  G  H  (below  the  critical  velocity)  h  =  0.00925  v'*-^''-' 
For  the  line  H  I  (above  the  critical  velocity),  li  =:  0.004675  z'^-'^'\ 

In  the  same  way  pipes  ranging  in  size  from  ^  in.  to  3  in.  were 
tested,  the  results  plotted,  and  the  friction  for  one  foot  of  pipe  w.)'- 
determined. 

In  order  to  derive  an  equation  applicable  to  pipes  of  different 
size,  the  co-efficients  and  exponents  of  v  in  the  equation  h  =  kv" 


502 


Friction  of  Water  in  Iron  Pipes  and  Elbows 


were  plotted  as  shown  in  Fig.  4 ;  from  this  diagram  the  following 


l.TUd  .OXG 


V'' 


equation  was  determined,  h  =  0.00685 


d'-' 


v^" 


or,  with  sufficient  accuracy,  li  =  O.OOGSo ;  this  equation 

^1.275 

applies  to  water  having  a  temperature  of  about  68  deg.  fahr.,  flowing 
through  clean  iron  pipes  ranging  in  size  from  I/2  in.  to  3  in.,  and  at 
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VELOCITY  IN  FEET  PER    SECOND 

FIG.    3.      DIAGRAM    SHOWING    THE    FRICTION    IN    ONE    FOOT    OF    PIPE    AT 
DIFFERENT  VELOCITIES. 


velocities  up  to  3  ft.  per  second.  The  pipe  used  for  these  tests  was 
bought  from  the  Central  Tube  Co.,  Pittsburgh ;  it  was  butt  welded 
black  steel  pipe. 

An  examination  of  Fig.  4  shows  that  the  value  of  n  for  the  2  in. 
pipe  was  lower  than  the  average,  indicating  a  smoother  interior  sur- 
face for  this  particular  pipe ;  this  did  not  seem  reasonable  so  the  test 
was  repeated  about  a  month  after  the  first  test  had  been  made  and 
with  a  new  set  of  2  in.  pipes;  there  was,  however,  no  difference  in 
the  result. 
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To  determine  the  effect  of  galvanizing  on  the  friction  of  pipes,  a 
series  of  tests  was  made  on  1  in.,  1}^  in.  and  1^  in.  galvanized 
iron  pipe ;  from  these  three  tests  the  following  general  equation  was 

^1.84 

deduced  :  //  =  0.00845 


To  determine  the  eft'ect  of  the  incrustation  which  forms  in  pipes 
during  use,  two  sections  of  lj/2   in.  galvanized  iron  pipe  were  re- 
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moved  from  the  hot-water  heating  system  of  the  University  green 
house ;  this  system  had  been  in  continuous  use  for  seven  years ;  the 
incrustation  was  sufficient  to  reduce  the  average  internal  diameter 
about  1/100  in. ;  the  friction  for  one  foot  of  pipe  was  found  to  be 
0.00398  z''*',  whereas  for  new  \Y>  in.  galvanized  iron  pipe  it  was  only 
0.00321  z;^-^«^ 

These  two  values  show  that  the  exponent  of  v  in  the  expression 
h  r=  ^z'"  increases  with  the  roughness  of  the  interior  surface  of  the 
pipe. 

To  determine  the  effect  of  temperature  on  the  friction,  water  at 
temperatures  varying  from  70  to  HO  deg.  fahr.  was  used;  it  was 
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found  that  the  friction  decreases  as  the  temperature  increases,  and 
that  the  decrease  is  due  to  a  change  in  the  coefficient  of  v  rather 
than  to  a  change  in  the  exponent,  hut  the  number  of  experiments 
performed  so  far  is  not  sufficient  to  report  definite  results  at  this 
time. 

To  determine  'the  friction  in  an  elbow,  the  two  joints  of  pipe 
mentioned  above  for  the  first  experiment,  were  cut  each  into  five 
parts  and  these  parts  were  connected  by  means  of  eight  elbows  as 
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shown  in  Fig.  1 ;  the  friction  of  this  new  pipe  line  was  then  deter- 
mined and  plotted  in  a  line  similar  to  the  line  A  B  C  oi  Fig.  2.  The 
difference  in  friction  shown  by  this  line  and  the  line  A  B  C  oi  Fig.  2 
was  the  friction  due  to  the  eight  elbows ;  in  this  manner  the  friction 
of  elbows  varying  in  size  from  j^  in.  to  2^/2  in.  was  determined.  The 
results  were  not  as  uniform  as  those  obtained  for  straight  pipe; 
this  was  probably  due  to  the  facts  that  the  friction  depends  on  the 
depth  to  which  the  pipe  is  screwed  into  the  elbo\v,  on  the  relative 
size  of  the  internal  diameter  of  the  elbow  as  compared  with  that  of 
the  pipe,  and  on  the  radius  of  the  elbow,  and  that  these  conditions  or 
values  do  not  vary  uniformly  with  the  diameter  of  the  pipe. 
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The  friction  of  an  elbow  may  be  represented  by  the  expression 
h  =  kz'" ;  this  was  done  and  the  values  of  k  and  w  plotted  as  shown 
in  Fig.  5.    The  two  heavy  lines  show,  as  nearly  as  possible,  the  av- 

^0.26 

erage  values  of  ^  and  ;/,  and  from  them  the  expression  0.01-il 
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was  determined  as  representing  the  friction  of  water  at  a  tem- 
perature of  about  ()8  deg.  fahr.  in  one  standard,  short  radius,  steam 
elbow. 

The  elbows  used  in  these  tests  were  manufactured  by  The  KcUey 
&  Jones  Co.  The  velocity  of  the  water,  represented  by  v  in  the 
expression  above,  is  the  velocity  of  the  water  in  the  pipe  connected 
to  the  elbow  and  not  tliat  in  the  elbow.  The  friction  determined 
experimentally  for  one  elbow  was  reduced  by  deducting  the  friction 
of  a  pipe  equal  in  length  to  the  elbow,  so  that  the  friction  repre- 


506  Friction  of  Water  in  Iron  Pipes  and  Elbows 

sented  in  Fig.  5  is  due  entirely  to  the  change  in  the  direction  of  flow 
and  to  the  changes  in  velocity  in  flowing  into  and  out  of  the  elbow ; 
the  reason  for  this  modification  was  to  facilitate  the  comparison  of 
long  and  short  radius  elbows,  and  to  simplify  the  determination  of 
the  friction  in  a  combination  of  pipes  and  elbows. 

The  actual  execution  of  the  tests  described  above  was  in  the 
hands  of  Miss  Nellie  Jefferson,  B.  S.  in  Architecture. 

By  comparing  the  expression  for  the  friction  in  one  foot  of  pipe 
with  that  for  the  friction  in  one  elbow,  the  number  of  feet  of  pipe 
equivalent  in  friction  to  one  elbow  may  be  found  for  any  velocity  of 
flow ;  this  was  done  and  the  results  shown  in  Fig.  6. 

As  early  as  possible  a  bulletin  will  be  issued  by  the  division  of 
Engineering,  Bureau  of  Economic  Geology  and  Technology  of 
The  University  of  Texas,  giving  a  full  report  of  the  tests  com- 
pleted at  that  time ;  this  bulletin  will  be  sent  free,  so  long  as  the 
supply  lasts,  to  all  persons  requesting  a  copy. 
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DISCUSSION 

The  Author  :  I  would  like  to  explain  this  a  little  more  fully. 
In  making  these  tests,  we  had  two  tanks  connected,  and,  of  course, 
after  the  water  was  flowing,  the  water  in  this  tank  would  be  a  little 
higher  than  the  water  in  that  one.  The  difference  in  elevation  repre- 
sented the  friction. 

For  instance,  in  1%  i"-  pipe,  we  would  take  two  full  lengths,  each 
20  ft.  long,  so  we  would  have  here  40  ft.  of  pipe  plus  a  number  of 
separate  fittings.  Then  we  would  cut  off  a  fifth  or  perhaps  two- 
fifths  and  make  the  same  connection  as  before.  The  difference 
between  the  two  sets  of  experiments  was  equal,  say,  to  32  ft.  of  pipe. 
The  results  of  each  experiment  were  arranged  as  shown  in  this 
diagram  (Fig.  2). 

You  see,  this  upper  line  would  represent  the  friction  due  to  this 
long  pipe,  and  the  other  would  represent  the  friction  due  to  this 
shorter  one,  and  the  difference  between  the  two  would  represent  the 
difference  due  to  the  difference  of  those  two  straight  lengths ;  we 
determined  the  equation  of  each  line  and  then  calculated  the  exact 
ordinate  of  three  or  five  points. 

We  did  that  to  determine  the  friction  due  to  one  coupling,  and 
we  also  determined  the  friction  due  to  the  burr  which  is  formed 
when  the  pipe  is  not  reamed.  That,  of  course,  makes  a  greater 
difference  in  a  small  pipe  than  in  a  large  pipe.  I  did  not  take  into 
account  the  fact  that  possibly  the  conditions  near  the  elbow  are  a 
little  different  from  the  ordinary  conditions,  but  I  think  that  is  of 
such  small  moment  that  it  can  be  neglected. 

In  some  cases  I  did  do  this,  instead  of  connecting  the  elbow  imme- 
diately, I  had  a  coupling  there  and  a  pipe  about  3  ft.  long,  but  I 
concluded  that  was  unnecessary.  I  simply  took  a  straight  joint 
about  20  ft.  long  and  then  cut  oft'  about  5  ft. ;  the  difference  between 
the  two  gave  my  result. 

I  would  like  to  say,  too,  that  in  some  of  the  smaller  pipes,  it 
required  a  long  time,  somtimes  two  to  three  hours,  before  we  had 
actually  static  conditions.  In  a  good  many  cases,  we  would  let 
the  water  run  all  night  and  found  it  perfectly  stationary  in  the 
morning.  We  repeated  all  of  the  experiments  until  we  got  two 
successive  results  exactly  alike.  The  experiment  lasted  generally 
five  minutes  ;  exactly  the  same  flow  in  five  minutes  and  exactly  the 
same  difference  in  elevation  was  obtained. 

To  determine  the  friction  of  a  coupling,  we  cut  the  pipes  in  five 
sections  and  connected  them  in  straight  lines,  using  couplings  instead 
of  elbows. 
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J.  H.  Walker:  I  would  like  to  ask  if  there  is  any  explanation 
for  the  occurrence  of  the  critical  resistance,  what  is  the  exact  reason 
for  it? 

The  Author:  The  motion  of  the  water  changes.  Below  the 
critical  velocity,  it  flows  practically  in  straight  lines.  Then  it 
changes,  on  account  of  the  friction,  and  assumes  a  wave-like  motion. 
The  exact  location  of  the  critical  velocity  is  not  definitely  deter- 
mined. It  seems  as  if  the  water  moves  in  a  certain  manner,  and 
all  at  once  it  changes.  It  seems  to  adhere  to  the  pipe  and  it  doesn't 
always  change  at  the  same  point;  the  correct  line,  I  think,  should 
be  a  curved  line  between  the  points.  Considerably  above  the  critical 
velocity  and  considerably  below  the  critical  velocity,  there  is  no 
trouble  about  getting  points  accurately,  but  in  this  entire  region  here, 
it  is  very  difficult  to  get  a  point  which  is  exact.  You  may  make 
ten  different  tests  and  have  no  two  show  the  same  result. 

Prof.  W.  F.  Verner:  I  would  like  to  ask  about  the  placing  of 
those  elbows  in  determining  the  friction  loss  in  elbows.  How  far 
apart  were  the  elbows  placed? 

The  Author  :    About  4  ft. 

Prof.  W.  F.  Verner  :  The  reason  I  asked  that  question  is  that 
we  are  carrying  on  the  same  sort  of  experiments  with  steam  at 
Michigan,  and  we  experienced  some  trouble  about  getting  the  elbows 
too  close  together,  and  the  fact  of  the  eddy  current  in  passing  one 
elbow  would  affect  the  next  elbow. 

The  Author  :  I  knew  there  was  danger  in  that,  and  for  that 
reason  selected  the  joints  as  long  as  possible,  that  is,  about  20  ft. 

W.  J.  Mauer  :  Do  you  think  that  by  prolonging  these  curves 
approximately  as  they  are  shown  them  on  chart  page  593,  you  could 
find  the  friction  for  velocity  under  about  15  ft.  or  so?  You  have 
extended  them  only  to  3  ft. 

The  Author  :  I  extended  them  only  to  three  feet  because  the 
experiments  we  made  were  intended  primarily  for  gravity  heating, 
and  that  was  the  highest  velocity  we  need.  I  have  reason  to  believe 
that  this  law  holds  for  higher  velocities.  Now,  if  the  law  for 
elbows  also  holds,  there  is  no  question  about  it  at  all,  but,  as  I  say, 
the  values  I  found  for  those  elbows  are  so  irregular  that  I  am  a 
little  afraid  to  predict  that  the  same  law  holds  for  higher  velocities. 
The  only  information  I  have  been  able  to  find  on  that  subject  at 
all  is  an  article  credited  to  Prof.  Fisher.  In  that  case,  it  would  run 
like  this — two  points  here,  two  points  here,  and  two  points  here. 
Of  course,  that  couldn't  possibly  be  correct.  There  is  bound  to  be 
a  gradual  variation  and  change. 


Discussion  of  Friction  of  Water  in  Pipes  and  Elbows  509 

I  observed  another  fact  that  is  quite  interesting  to  me ;  it  is  that 
as  the  pipe  size  is  reduced,  the  exponent  of  "V"  approaches  "2,"  and 
I  have  been  wondering  if  the  early  experiments  were  made  with 
small  pipes,  and,  for  that  reason,  it  was  concluded  that  the  friction 
varied  with  the  square  of  the  velocity. 

The  same  fact  is  true  of  the  friction  below  the  critical  velocity. 
As  the  pipes  became  smaller,  this  line  approached  45  deg.  I  know 
it  is  true  in  structural  work,  that  the  early  experiments  were  made 
on  small  specimens  and  not,  as  at  present,  on  full-sized  specimens. 
I  thought  possibly  this  might  explain  those  early  formulas. 

Prof.  J.  D.  Hoffman  :  I  want  to  say  that  I  believe  Prof.  Giesecke 
is  on  the  right  track.  I  think  his  paper  is  of  unusual  value  to  the 
Society.     It  is  a  splendid  production. 

H.  ]\I.  Hart:  I  would  like  to  add  to  what  Prof.  Ploft'man  has 
said  and  my  regret  is  that  we  have  such  a  small  attendance,  because 
I  know  that  there  are  a  great  many  of  our  members  who  didn't  know 
this  was  coming  up  for  discussion  this  afternoon  who  would  be 
vitally  interested  in  the  discussion  of  this  paper.  I  hope  that  we 
will  hear  more  from  the  Professor,  on  the  friction  due  to  the  burr 
in  the  pipe.  I  think  that  is  something  that  is  passed  over  very 
carelessly  at  times  as  not  being  of  great  importance,  and  when  the 
cutter  tools  become  dull  and  old,  that  burr  is  quite  perceptible.  I 
believe  that  if  some  figures  were  published  showing  what  the  loss 
really  is  on  account  of  that  burr,  that  more  attention  would  be  given 
to  reaming  pipes,  especially  on  the  smaller  sizes. 

The  Author:  I  would  like  to  add  that  we  expect  to  publish 
all  of  these  results  finally  in  Ijulletin  form.  We  have  quite  a  large 
mailing  list  now,  but  if  any  one  wishes  to  be  added,  we  will  be  glad 
to  do  so. 

H.  M.  Hart:  I  hope  the  Society  headquarters  are  on  your 
mailing  list,  because  in  that  way,  it  will  reach  our  members.  Infor- 
mation of  that  sort  is  valuable  to  us,  and  we  have  the  Journal  as  a 
means  of  distributing  it  to  our  members,  and  we  certainly  would 
apj)reciate  it. 


No.  456 
DEHYDRATION 

By  H.  C.  Gore,'  Washington,  D.  C. 
Non-Member 

7"^  HE  PRESIDENT,  in  introducing  Mr.  Gore  referred  briefly 
to  the  important  Zi.'ork  of  the  Fruit  and  Vegetable  Utilication 
Laboratory  of  the  Department  of  Agriculture  in  Washingtoi, 
and  stated  that  Mr.  Gore  had  been  making  a  devoted  study  of  the 
drying  and  dehydration  of  fruits  and  vegetables  and  probably  knows 
more  on  this  subject  than  any  other  one  man.  Mr.  Gore,  he  stated, 
has  had  more  time  to  devote  to  it  and  has  therefore  much  important 
and  valuable  information   to  offer. 

BEFORE  the  outbreak  of  the  War,  the  vegetables  were  dried  to 
a  small  extent  in  three  or  four  factories  for  supplying  the 
Alaskan  trade  and  for  a  very  limited  demand  by  explorers  and 
others,  but  the  drying  of  these  products  never  really  has  reached 
the  proportions  of  an  industry. 

Of  course  we  have  a  great  many  dried  fruits  which  are  staples  in 
the  world's  markets,  like  dried  apples,  dried  peaches,  dates,  raisins, 
currants,  figs  and  one  or  two  others.  A  good  many  oriental  fruits 
are  dried  and  are  staples  over  there,  but  dried  garden  vegetables 
have  never  been  what  you  would  call  staple  articles  and  even  today 
no  market  for  these  products  exists  in  any  large  way  except  possibly 
through  one  channel,  and  that  channel,  the  European  market,  is 
pretty  difficult  to  reach.  We  have  information  to  the  effect  that 
these  products  are  being  sold,  are  being  used  widely  by  the  Con- 
tinental armies  on  both  sides,  but  how  American  manufacturers  can 
reach  that  market  is  still  a  problem. 

We  can  take  up  the  subject  from  several  points  of  view.  The 
very  first  thing  we  did  was  to  find  out  how  to  dry  these  products  on 
a  small  scale,  so  as  to  satisfy  the  demand  which  came  to  the  Depajt- 
ment  of  Agriculture  from  every  section  of  the  country  as  to  what 
they  could  do  in  the  way  of  drying  garden  produce. 
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That  was  the  first  subject  which  we  developed  there  at  the  De- 
partment. A  good  many  men  there  worked  on  the  subject  and  a 
bulletin  which  fills  the  demand  as  well  as  it  could  be  filled  at  that 
time,  was  produced. 

Of  the  methods  which  we  found  would  work,  the  most  successful 
was  drying  through  the  use  of  an  electric  fan.  We  wanted  to  give 
detailed  information  on  the  more  important  of  these  garden  crops, 
and  the  first  thing  to  do  was  to  determine  how  much  could  be  dried 
by  an  electric  fan  under  ordinary  weather  conditions  such  as  we 
have  in  Washington,  so  we  made  an  outfit  like  this  and  put  it 
before  a  15  in.  fan,  filled  the  trays  with  cut  string  beans,  found 
how  ■  much  we  could  dry  in  a  single  night,  and  we  succeeded  in 
drying  44  lb.  of  string  beans  before  an  electric  fan  in  34  hours. 
They  yielded  4.(5  lb.  of  finished  dried  string  beans. 

The  President:  One  of  the  members  would  like  to  know 
whether  there  was  any  heat  in  connection  with  that. 

Mr.  Gore  :  No  heat  was  used  except  that  generated  in  the  arma- 
ture of  the  fan.     Of  course  there  is  some  heat  generated  there. 

In  connection  with  this,  we  tried  to  check  up  the  rate  of  loss  in 
weight  with  the  air  velocity.  We  w'eighed  the  trays  every  hour. 
We  got  some  very  curious  results  which  seemed  to  show  that  the 
speed  of  drying  isn't  directly  dependent  on  air  velocity,  although 
the  more  rapid  the  air  velocity,  the  quicker  the  drying.  Apparently, 
if  you  have  conditions  so  that  if  you  have  your  A'elocity  fast  enough 
so  that  the  eddy  currents  are  generated,  you  get  pretty  rapid  drying. 
Even  the  top  tray  in  the  stack  dried  quite  rapidly,  although  the  air 
current  was  rather  slow  because  the  tray  was  a  slanted  tray  and  the 
air  came  up  from  below  and  carried  off  the  water. 

This  electric  fan  drying  has  had  a  most  remarkable  development 
in  the  state  of  Nebraska.  The  leader  there,  Mr.  Pugsley,  the  State 
Extension  Leader,  visited  Washington  just  as  we  were  developing 
this  method  and  he  carried  the  information  back  with  him,  and  they 
developed  there,  in  North  Lincoln,  a  community  dryer  simply  magni- 
fying this  electric  fan  process. 

The  difficulty  with  electric  fan  drying  is  that  so  few  farmers  over 
the  country  have  fans,  but  Mr.  Pugsley  was  able  to  secure  a  church 
with  current  for  electric  fans,  and  no  less  than  57  families  combined 
and  are  actually  now  drying  their  garden  produce  by  this  electric 
fan  method,  and  they  are  getting  along  quite  successfully. 

(Note:     Samples   of    products    dried    by   the   Department   of   Agriculture 
were  on  exhibition   during  the  meeting.) 
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These  sample  products  here  were  all  dried  by  this  same  method. 
They  were  dried  by  Miss  Thompson,  assistant  in  the  laboratory. 
Some  of  them  are  very  beautiful.  These  carrots  retain  their  color 
wonderfully.  The  apples  aren't  so  bad.  All  these  products  are 
dried  without  any  pre-cooking  except  one — that  brings  us  to  another 
phase  of  the  drying,  and  that  is  whether  or  not  one  ought  to  heat 
the  product  before  drying. 

Nearly  every  one  that  has  been  in  the  drying  game  at  all,  sooner 
or  later  reaches  the  question  as  to  whether  or  not  the  material  should 
be  heated  before  it  is  spread  on  the  trays  to  dry.  We  have  solved 
that  pretty  well  as  far  as  string  beans  are  concerned.  The  string 
beans  were  dried  raw.  They  were  dipped  for  one  minute  in  boiling 
water  and  then  received  a  cold  dip.  The  color  is  better  and  the 
flavor  is  very  much  better.  How  far  that  is  going  to  apply  to  the 
other  dried  vegetables  we  don't  know  very  definitely.  We  are  going 
to  find  out. 

So  much  for  the  small  scale  drying.  The  next  phase  is  large 
scale  drying.  We  went  into  that  situation,  and  found  it  a  most 
difficult  one.  In  the  first  place,  we  were  somewhat  alarmed  by  the 
patent  situation.  Apparently  there  were  pretty  important  patents 
which  might  cause  difficulty  in  large  scale  drying.  We  investigated, 
however,  and  arrived  at  the  conclusion  that  the  art  of  drying  is  so 
old  that  the  patent  situation  was  not  one  to  be  feared  by  anyone 
desiring  to  do  drying. 

It  seemed  hardly  possible  that  any  basic  j^atents  unless  they  in- 
volved some  new  principle,  could  apply.  We  found,  though,  that  the 
representative  dryer  machine  manufacturing  firms  of  the  United 
States,  who  had  been  making  machines  drying  a  wide  range  of  in- 
dustrial products  for  many  years,  didn't  know  what  could  be  accom- 
plished with  their  own  machines  in  drying  vegetables.  We  interested 
three  large  concerns  who  make  industrial  drying  machinery,  in  drying- 
vegetables  and  fruits  in  their  dryers,  and  the  result  has  been  that 
these  three  firms  have  all  ])roduced  catalogs  which  describe  the 
drying  of  vegetables  and  standard  vegetable  drying  equipment  is  now 
available. 

The  drying  of  practically  all  vegetables  and  fruits  can  be  success- 
fully accomplished  in  standard  drying  equipment.  Most  of  the 
products  take  about  two  hours  and  a  half  to  dry,  some  a  little  longer, 
and  usually  the  quality  is  slightly  better  than  the  electric  fan  j)roducts 
if  reasonable  precautions  have  been  taken  to  avoid  scorching.  That 
is  particularly  evident  in  the  case  of  onions.  Machine-dried  onions 
were  nearly  pure  white,  crisp,  and  if  kept  in  a  closed  container, 
retain  their  color,  crispness  and  flavor  for  months.     Our  onions, 
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dried  before  the  electric  fan,  have  gone  oft  in  color  somewhat.  They 
have  been  exposed  to  the  air,  so  they  are  not  particularly  crisp  and 
they  have  also  lost  flavor. 

Now,  the  third  phase,  that  is  the  marketing  phase,  is  at  the  present 
time  the  most  difficult  one.  Very  little  has  opened  out  in  a  definite 
way  on  this  subject.  Dried  vegetables  are  being  sold  and  used 
abroad,  but  so  far  they  have  reached  no  wide  use  in  this  country. 
We  have  here  a  copy  of  a  letter  addressed  to  the  Council  of  National 
Defense,  written  by  Mr.  Hoover,  which  I  would  like  to  read  to  you 
simply  to  show  you  the  situation  as  near  as  we  can  get  it,  on  the 
marketing  end  of  dried  vegetables.    The  letter  is  as  follows  :  * 

In  reply  to  your  esteemed  communication  of  June  19,  the  European  expe- 
rience has  shown  that  the  dehydration  of  vegetables  is  a  process  of  very 
great  importance  for  conservation  of  excess  5aelds  of  fruits  and  vegetables, 
and  to  minimize  canning,  which  is  just  now  very  desirable  on  account  of 
the  scarcity  of  tin  and,  to  some  extent,  the  scarcity  of  glass. 

The  Allies  are  buying  heavily  of  these  dehydrated  vegetables  and  they 
are  being  used  in  large  amounts  in  all  the  armies. 

To  what  extent  the  American  layman  will  learn  to  use  these  this  year 
cannot  be  foretold.  We  intend  to  give  the  use  of  dehydrated  vegetables  a 
prominent  place  in  our  campaign,  and  the  Department  of  Agriculture  is 
carrying  on  an  active  correspondence  with  manufacturers  in  an  attempt  to 
secure  such  information  as  may  be  required  by  prospective  buyers  of  perish- 
able vegetables. 

(Signed)    Herbert    Hoover. 

I  would  be  very  pleased  to  answer  any  questions,  simply  for  the 
purpose  of  putting  you  in  touch  as  professional  men,  with  the  facts 
which  we  know  on  this  subject,  and  we  are  also  here  to  learn.  We 
would  like  to  have  some  facts  if  vou  have  anv  to  give  us. 


DISCUSSION 

The  President  :  I  don't  feel  that  Mr.  Gore  has  begun  to  tell  us 
what  he  knows  of  this  subject.  I  think  that  through  the  questions 
we  will  bring  out  a  great  many  things  that  we  would  like  to  know. 

Prof.  Wm.  F.  \'erxer:  I  want  to  ask  about  how  to  store  this 
product  away,  how  it  is  to  be  kept,  how  long  it  will  last. 

Mr.  Gore:  We  have  a  very  queer  situation  there.  One  of  the 
experienced  firms  in  drying  vegetables  that  has  made  a  big  success 
in  drying,  apparently,  said  that  the  breakfast  food  package  is  the 
ideal  container  for  their  goods ;  that  they  will  not  keep  in  tins.  They 
tried  the  tins,  but  the  stufif  went  moldy  and  bad. 

On  the  other  hand,  another  Western  firm  states  that  the  tin  package 
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is  the  only  package ;  they  have  tried  cardboard  and  it  won't  work. 
We  are  going  ahead  industrially.  We  put  in  a  small  steam  dryer 
in  Western  New  York,  and  we  will  know  about  some  of  these 
things  pretty  soon.  We  are  going  to  put  that  stuff  up  in  tin.  We 
will  probably  seal  it  in  10-lb.  cans  and  see  how  it  behaves. 

R.  L.  Gifford:  Possibly  ten  years  ago  I  had  occasion  to  be  up 
at  the  plant  of  the  American  Dehydrating  Company  a  couple  of 
times  and  at  that  time  they  were  evaporating  spinach  and  raspberries 
and  some  other  vegetables.  The  dried  product  was  about  a  tenth 
of  the  original  weight,  and  the  remarkable  part  of  it  w^as  that  upon 
putting  this  dried  material  in  water  it  would  come  back  to  the 
original  form.  The  spinach  would  look  natural,  look  like  real  spinach 
and  actually  tasted  as  good  as  green  spinach. 

Of  course  they  used  low  pressure  steam  with  a  vacuum  system, 
and  I  really  think  the  secret  of  their  success  in  retaining  the  flavor 
was  that  they  dried  at  a  low  temperature. 

Prof.  J-  D.  Hoffman  :  Is  there  anything  in  the  time  element 
in  regard  to  the  drying?  Does  that  have  anything  to  do  with  it? 
Is  the  flavor  affected  any  by  the  length  of  time  that  they  are  being 
dried? 

]\Ir.  Gore  :   Yes,  sir. 

Prof.  J.  D.  Hoffmax  :  In  regard  to  peaches  or  spinach  or  any- 
thing out  of  the  garden,  supjDOse  they  were  dried  in  24  hours  or 
in  18  hours,  would  the  flavor  be  different  in  the  dried  product  in 
each  case  ? 

Mr.  Gore  :  Probably  not  so  you  could  notice  it.  Those  flavor 
questions  are  quite  difficult.  It  is  not  unhkely  that  flavors  are  being 
generated  constantly  by  these  things,  and  when  they  are  cut,  it  is 
not  unlikely  that  the  flavor  is  generated  much  faster.  If  flavor  is 
generated  after  the  fruit  or  vegetable  is  cut,  you  have  something 
occurring  to  offset  your  loss  of  flavor. 

We  have  some  indication  that  flavor  formation  occurs  in  case  of 
fruits.  You  know  a  fruit  like  an  apple  or  banana  if  confined  while 
it  is  ripening  gets  very  fragrant,  very  full  of  flavor,  indicating  that 
flavor  is  not  being  carried  off  but  it  is  accumulating  in  the  apple. 

If  we  put  an  apple  in  a  cabinet  or  in  a  box  or  in  a  closet,  even, 
it  will  get  fragrant.  At  the  same  time,  the  outside  will  get  waxy — 
and  bananas  the  same  to  some  extent.     So  that  may  offset  the  loss. 

Prof.  J.  D.  Hoffman  :  Professor  Pugsley,  whom  you  mention, 
seems  to  think  that  the  application  of  heat,  if  it  is  just  a  little  too 
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high,  takes  away  the  flavor.  Also,  that  if  the  drying  is  continued 
through  too  long  a  period  you  lose  the  flavor.  He  seems  to  think 
that  the  quick  drying  and  the  low  temperature  are  two  points  in 
favor  of  keeping  the  flavor. 

Mr.  Gore  :  We  haven't  anything  along  that  line  that  is  positive 
and  definite. 

Theo.  Weinshank:  Isn't  it  a  fact  that  you  remove  a  certain 
amount  of  the  nutritious  juices? 

Mr.  Gore  :    No,  sir. 

Theo.  Weinshank:  If  the  last  statement  is  correct,  then  the 
dried  apple  should  have  the  same  nutritious  quality  as  one  picked 
from  the  tree.  If  it  is  true,  then  a  water  melon,  if  dried,  should 
have  the  same  nutritious  qualities  as  one  picked  from  the  field.  By 
removing  the  juice  or  the  moisture  from  vegetables,  do  you  not 
remove  a  certain  amount  of  their  nutrition?  Is  it  not  a  fact  that 
the  juices  in  vegetables,  fruits,  etc.,  contain  a  certain  amount  of 
sugars  and  other  ingredients  which  build  up  the  system,  and  which 
removed,  destroy  the  quality  of  the  fruit  or  vegetable? 

Mr.  Gore  :  No,  sir,  you  lose  absolutely  nothing  in  drying  except 
that  you  do  hurry  up  the  respiration  of  the  vegetable.  You  know 
all  these  vegetables  are  giving  ofif  carbon  dioxide  very  slowly,  and 
you  may  increase  that  about  five  to  ten  times  wdien  you  cut  them  in 
drying.  That  loss  is  so  slow,  anyway,  that  it  is  very  small  and  not 
likely  to  be  detectable  by  any  ordinary  means.  W'ith  that  exception 
you  have  absolutely  no  loss  in  nutrition. 

Dr.  Alonzo  Taylor,  of  the  Department  of  Agriculture,  has  come 
back  from  abroad.  He  confirms  Mr.  Hoover  in  what  he  says  about 
the  value  of  dried  vegetables.  He  says  that  in  towns  in  Germany 
of  forty  thousand  inhabitants  they  are  required,  or  were  required, 
to  divide  the  garbage  into  two  different  portions — one  portion  could 
not  be  dried,  the  other  portion  could  be  dried  and  was  dried  in  city 
dryers  or  in  privately  owned  dryers  and  made  into  cow  feed  which 
was  sent  out  to  the  dairy  farms  and  came  back  to  the  cities  in  the 
form  of  milk.  He  says  that  the  drying  of  produce  has  been  one  of  the 
conservation  movements  in  Germany  which  has  really  worked. 

■    F.  H.  Stevens  :     Is  there  any  information  as  to  how  long  the 
materials  will  keep  after  they  are  dried? 

Mr.  Gore  :  Certain  things  like  carrots  keep  splendidly.  Dried 
apples  normally  are  cold-stored  in  order  to  retain  color  and  other 
qualities  which  make  them  salable. 
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If  these  products  are  to  be  dried  in  commercial  quantities  we 
suggest  that  they  be  cold-stored  until  as  near  as  practicable  the  time 
at  which  they  are  to  be  used  in  order  to  be  sure  of  retaining  the 
quality.  We  notice  that  spinach,  for  instance,  in  the  sunlight  loses 
color,  becomes  like  an  ordinary  dried  leaf.  Certain  other  products 
don't  seem  to  lose  either  color  or  flavor  as  rapidly,  particularly  if 
kept  as  dry  as  possible. 

Mr.  Schaffer  :  What  about  potatoes  ?  Have  you  had  any  expe- 
rience with  them? 

Mr.  Gore  :  It  isn't  possible  to  make  a  satisfactory  dried  potato 
unless  you  cook  it  first.  These  potatoes  have  been  cooked  and  simply 
run  through  a  ricer  and  spread  on  trays  and  dried,  and  they  make 
a  very  acceptable  product.  If  they  are  cooked  up  in  a  soup  they 
will  disintegrate  and  become  just  like  so  much  potato  placed  in  the 
soup. 

Another  form  into  which  potatoes  are  converted  for  human  food 
is  dried  sliced  potatoes.  This  is  a  product  which  is  going  over  to 
Europe  now  mixed  with  other  vegetables  to  form  a  soup  mixture. 
This  is  a  favorite  method  of  handling  these  dried  vegetables.  You 
see,  when  you  use  meat  in  soup,  you  have  the  most  economical 
method  of  putting  it  before  the  men  in  the  trenches  with  the  least 
waste.  These  soup  vegetables  added  give  additional  palatability  and 
also  furnish  roughage  in  the  ration. 

Mr.  Schaffer  :    Would  it  pay  ordinarily  to  dry  potatoes  ? 

Mr.  Gore  :  Not  in  ordinary  times.  The  cost  of  peeling  alone  is 
pretty  high.  There  is  a  whole  lot  of  waste  when  you  peel  them — at 
least  20  per  cent.  Unless  there  is  a  starch  factory  to  recover  that 
starch  a  lot  is  lost. 

Prof.  F.  E.  Giesecke  :  Are  there  any  chemical  changes  that  take 
I)lace  in  the  drying? 

Mr.  Gore  :    None  worth  mentioning. 

Dr.  E.  V.  Hill:  The  process  of  drying  is,  of  course,  not  a  new 
one.  The  method  described  here  today  is  essentially  the  same  as 
the  one  our  grandmothers  used  in  drying  apples  many  years  ago. 
This  dried  apple  has  not  enjoyed  any  particular  favor  in  the  eyes 
of  the  community;  in  fact,  it  has  been  the  subject  of  a  great  many 
jokes,  notwithstanding  the  fact  that  as  a  process  of  food  conservation 
it  has  unquestionable  value. 

It  seems  to  me  that  in  drying  vegetables  or  fruits  the  important 
thing  is  to  determine  what  the  substances  are  that  give  it  its  char- 
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acteristic  flavor  and  under  what  conditions  of  temperature,  etc., 
these  substances  are  Hable  to  be  given  off  or  destroyed.  My  recol- 
lection is  that  these  substances  are  usually  a  combination  of  essential 
oils  that  are  rather  unstable  and  if  we  can  determine  accurately  what 
these  essential  oils  are'  that  give  the  fruit  its  characteristic  flavor 
and  at  what  terhperature  or  other  condition  the  fruits  can  be  dried 
and  these  oils  retained,  then  there  would  be  absolutely  no  change 
in  flavor. 

I  would  like  to  ask  the  speaker  whether  or  not  any  work  has  been 
done  along  these  lines — work  that  will  determine  the  chemical  com- 
position of  the  fruit  producing  substances  in  the  various  fruits  and 
vegetables. 

Mr.  Gore  :  We  have  one  piece  of  work  now  under  way  in  the 
Bureau  of  Chemistry  along  that  line.  It  hasn't  reached  maturity 
yet.  Dr.  Albright  has  been  working  on  the  flavor  of  the  grape  and 
is  using  very  unusual  methods  in  getting  the  flavor  out.  He  finds 
that  a  certain  known  substance  is  there  in  making  up  the  distinctive 
grape  flavor.    That  work,  though,  hasn't  matured  as  yet. 

Dr.  E.  V.  Hill  :  Wintergreen  oil  is  made  that  can  hardly  be  told 
from  the  real.  It  is  made  from  chemicals.  That  shows  that  it  can 
be  determined  what  those  essential  oils  are. 

Mr.  Gore:  One  ramification  of  drying  is  the  product  known  as 
sweet  potato  flour.  You  know  a  very  large  proportion  of  the  sweet 
potato  crop  is  often  never  marketed.  The  early  crop  of  sweet  pota- 
toes coming  in  soon  in  the  South  never  reaches  Northern  markets 
in  any  large  sense.  Just  about  this  time  they  are  planting  the  sweet 
potatoes  in  the  South  for  the  Fall  market  and  a  large  proportion  of 
these  spoil. 

Now,  the  sweet  potato  can  be  easily  dried  by  cutting  it  in  strips 
and  drying.  If  ground  into  a  meal,  we  have  a  new  food  product  and 
a  very  delicious  one.  That  simply  illustrates  one  of  the  ramifications 
of  drying,  a  product  that  this  process  can  be  applied  to  and  thus 
create  a  new  bread  stuff. 

Now,  the  sweet  potato  crop  can  be  increased  enormously  if  some 
reasonable  guarantee  could  be  made  to  the  growers  of  a  price,  and 
a  very  low  price,  too,  which  they  might  realize  from  the  sweet  potato. 
Another  proposition  along  the  same  line  is  the  banana.  A  tre- 
mendous amount  of  bananas  are  wasted  in  the  tropics.  Bunches 
that  are  undersized  are  not  taken  by  banana  companies,  and  there 
are  other  conditions  under  which  bananas  aren't  shipped.  Dried 
banana  flour  is  another  splendid  product  that  could  be  produced 
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apparently  rather  reasonably  with  the  use  of  these  steam  dryers, 
but  it  hasn't  been  produced  in  any  large  way  up  to  the  present  time. 
Still  another  product  is  sweet  corn.  I  said  there  isn't  much  of  a 
market  for  dried  vegetables.  That  isn't  wholly  true,  because  you 
can  obtain  sweet  corn  today  from  a  large  mail  order  house  in  Chicago. 
They  have  stocked  sweet  corn  for  many  years  and  it  is  a  very  fine 
product.  In  Lancaster  County,  Pa.,  very  large  quantities  of  sweet 
corn  are  dried  each  year,  and  a  large  quantity  used  to  be  dried  in 
Ohio  and  Indiana  before  the  advent  of  canning.  So,  there  is  a 
market  for  dried  sweet  corn  at  a  fair  price. 

W.  L.  Fleisher  :  I  heard  you  say  that  potatoes  could  not  be 
dried  satisfactorily. 

Mr.  Gore:  Unless  you  use  chemicals.  If  sulphite  is  used,  you 
can  of  course.  That  is  the  only  way  we  know  of  preparing  a  potato 
so  that  it  doesn't  have  a  black  area  inside.  If  you  use  a  small 
amount  of  sulphite,  sulphurous  acid  solution  or  sulphur  dioxide  in 
gas  form,  you  can  produce  a  white  product. 

W.  L.  Fleisher  :  When  does  the  black  area  show  up,  immediately 
after  drying? 

Mr.  Gore  :    Yes,  if  it  shows  up  at  all. 

H.  G.  Issertell  :  What  action  does  the  drying  have  on  vegetable 
salts? 

Mr.  Gore  :    No  action  that  we  know  of. 

Frank  K.  Chew  :  How  many  people  would  a  pint  carton  of 
string  beans  serve  if  it  was  prepared  for  the  table?  Would  that 
make  two  quarts  in  bulk  ? 

Mr.  Gore  :    Yes,  and  about  ten  times  the  weight  in  mass. 

Frank  K.  Chew  :  Does  that  proportion  hold  in  most  of  the 
things  or  does  that  vary? 

Mr.  Gore  :  It  depends  upon  how  you  compress  the  material  after 
drying.  You  can  compress  that  in  a  tobacco  press  to  a  very  small 
fraction  of  the  present  volume. 

W.  L.  Fleisher:  Has  there  been  any  discussion  about  recir- 
culating the  air?  You  obtain  the  same  condition  with  drying  of 
vegetables  that  you  do  with  a  great  many  other  industrial  products, 
that  is,  if  you  drive  the  air  over  the  product  and  absorb  and  remove 
the  moisture  without  recirculation  you  get  a  hardening  of  the  outer 
surfaces  of  the  vegetable  which  makes  it  impossible,  no  matter  how 
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long  the  process  is  continued  to  really  dry  the  inside;  whereas,  if 
you  recirculate  the  air  for  a  definite  length  of  time  until  the  air 
refuses  to  take  up  any  more  of  the  moisture  you  get  a  result  that 
is  eminently  satisfactory  and  probably  as  good  as  can  possibly  be 
obtained  from  simple  dryers. 

In  the  small  dryers  we  made  for  experimental  purposes,  by  recir- 
culating, we  got  a  product  that  was  extremely  good,  and  which  took 
about  the  length  of  time  to  dry  that  had  been  approximated  by  most 
other  experimenters.  In  other  words,  from  two  and  a  half  to  four 
hours  would  dry  any  of  these  products  with  recirculation,  whereas 
without  recirculation  we  couldn't  get  the  vegetables  thoroughly  dried 
at  all. 

With  recirculating  and  keeping  the  temperature  at  a  point  which 
we  discovered  by  experiment  for  each  individual  product,  we  dried 
practically  all  of  these  things  in  two  and  one-half  to  four  hours. 

We  found  the  same  trouble  with  our  experimental  apparatus  that 
you  did  with  your  household  apparatus  when  the  air  was  not  recir- 
culated ;  that  is,  moisture  was  removed  quickly  from  the  surface, 
making  it  almost  impossible  to  get  a  good,  uniformly  dried  product ; 
whereas,  with  the  recirculating  method  we  had  no  trouble  at  all. 

I  don't  remember  in  our  potato  drying,  of  which  we  did  a  consid- 
erable amount,  that  we  got  a  black  core  in  the  potato.  I  don't  think 
we  did. 

Mr.  Gore  :  We  liad  this  difficulty  unless  the  potatoes  were  cooked 
or  heated  with  chemicals.  We  thought  by  dipping  the  slicers  in 
water  and  soaking  them  for  a  while  we  could  wash  out  the  contents 
of  the  broken  cells,  but  this  only  worked  partially.  We  also  tried 
salt,  and  that  worked  only  partially. 

W.  L.  Fleisher  :  The  product  that  we  soaked  in  salt  for  about 
two  hours  did  not  have  this  black  streak  in  them  at  all.  Those  we 
have  had  now  for  about  three  months  and  they  haven't  shown  any 
of  these  streaks. 

Mr.  Gore  :  In  regard  to  that  point  of  recirculation  mentioned  by 
Mr.  Fleisher,  of  course  all  these  steam  dryers  recirculate.  Many  of 
the  industrial  dryers  depend  on  their  efficiency  for  recirculation.  The 
air  just  moves  around  and  around  through  the  material  numberless 
times  and  a  small  fraction  of  the  air  is  continuously  wasted. 

Elmer  E.  Perkins  :  The  moist  air  rises  to  the  top,  therefore  by 
dropping  the  opening  from  the  top  to  any  point  desired,  owing  to 
the  structure  of  the  vegetable,  the  moisture  is  removed  in  any 
amount. 
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Under  continual  action,  as  you  take  any  different  product,  l)y 
regulating  that  opening  as  the  moist  air  goes  to  the  top  the  moisture 
can  be  held  in  any  amount.  The"  Quaker  Oats  people  had  a  great 
deal  of  trouble  in  drying  their  fresh  bread  and  the  thing  was  over- 
come in  that  manner. 

If  I  may  be  allowed,  I  would  like  to  ask  whether  the  sulphur  hurts 
the  potato.  I  have  been  all  through  that  work  in  drying,  and  would 
like  to  know  if  the  exposure  to  those  sulphur  fumes  does  not  injure 
the  potato. 

Mr.  Gore  :  We  haven't  been  into  that  critically,  but  it  spoils  the 
flavor.  We  tried  some  of  that  dried  sulphur  potato  and  it  wasn't 
any  good  at  all ;  it  wasn't  like  potato. 

Elmer  E.  Perkins:  In  carrying  that  out  in  a  commercial  way,  a 
number  of  years  ago  Mr.  Temple  Emery  in  ^lichigan  sold  all  he 
ever  manufactured  of  the  product  at  the  baker's,  and  I  have  recently 
had  the  thing  up  in  a  large  way.  The  question  came  up  in  drying 
potatoes  after  the  method  of  Germany,  which  I  understand  is  cooking 
the  potato,  though  of  course  there  the  agrarian  value  is  entirely 
dift'erent  than  here.  They  get  perhaps  200  bushels  to  an  acre  of 
potatoes  in  comparison  to  40  of  wheat.  Therefore,  they  can  stand 
the  agrarian  value,  which  is  about  one  to  five.  That  seems  to  be 
the  difficulty  we  run  up  against  commercially  here — doubt  of  the 
future  market.  With  wheat  at  a  dollar,  potatoes  should  sell  at 
twenty  cents  to. get  an  equal  food  value,  as  they  dry  down  to  about 
12  or  13  lb.  to  the  bushel. 

Mr.  Gore:  We  are  fairly  well  convinced  that  it  hurts  the  potato 
flavor,  but  we  haven't  gone  into  it  as  we  ought  to,  I  suppose. 

Elmer  E.  Perkixs  :  The  potato  seems  to  lose  nothing  by  cooking 
or  boiling  it  in  the  French-fried  shape.  Whether  it  would  show 
chemically,  or  whether  it  loses  anything  there  is  what  I  don't  know. 

I\Ir.  Gore  :  We  believe  that  it  hurts  the  flavor.  Whether  that 
is  fair  or  not  I  am  not  prcjmred  to  say. 

Elmer  E.  Perkins:  I  will  tell  you  further  the  result  of  expert 
experiments  which  show  the  value  of  cooked  potato  over  that  of 
raw  potato.  In  using  200  lb.  of  wheat  flour,  by  adding  2  lb.  of 
potato  flour  you  get  20  more  loaves  out  of  a  barrel.  The  value  to 
the  baker  doesn't  show  today  as  it  showed  then  for  the  reason  that 
many  of  them  are  using  corn  flour,  which  practically  gives  you  the 
same  results  of  absorption  of  water  to  give  you  the  desired  moist 
bread. 
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J.  E.  Miller  :  Do  these  three  drying  machines  vary  in  fixed 
proportion  to  the  moisture? 

Mr.  Gore  :  I  can  say  that  the  efficiency  of  these  three  dryers  is 
approximately  50  per  cent,  and  I  imagine  any  engineer  can  easily 
figure  how  many  pounds  of  coal  are  needed  for  each  pound  of  water 
removed  on  that  basis.  The  efficiency  will  vary  more  or  less,  de- 
pending on  the  construction  and  operation  of  the  dryer. 

J.  E.  Miller  :  It  depends  not  on  the  actual  efficiency  of  the  drier 
but  the  nature  of  the  fruit  or  vegetable? 

Mr.  Gore  :  Yes.  We  haven't  had  much  trouble  with  case  hard- 
ening. We  have  had  very  little  trouble  that  we  can  definitely  ascribe 
to  that,  at  least.  When  it  takes  from  two  to  four  hours  to  dry  a 
product  that  is  only  about  J4  "i-  thick,  as  is  true  with  cooked  sliced 
potatoes,  you  don't  notice  the  case  hardening  feature  perceptibly. 
Some  of  the  cooked  or  blanched  vegetables  are  more  compact  than 
the  raw  vegetables  and  dry  more  slowly. 

J.  E.  Miller  :  All  vegetables  have  a  tendency  to  pack  on  a  belt 
dryer. 

Mr.  Gore:    On  the  contrary,  they  open  out  as  they  dry. 

Frank  K.  Chew  :  What  would  be  the  difficulty  in  drying  pears  ? 
Take  the  Bartlett  pear,  which  is  mostly  all  juice  and  flavor  and  not 
much  else ;  has  that  product  been  dried  ? 

Mr.  Gore  :  Bartlett  pears  are  very  rich.  They  are  much  richer 
in  solids  than  apples.  They  contain  as  high  as  20  per  cent,  of  solid 
matter  and  ought  to  give  you  about  25  per  cent,  of  the  original 
weight  of  the  stock.  Dried  Bartlett  pears  are  one  of  the  most  mag- 
nificent products  that  we  have.  They  take  a  long  time  to  dry.  They 
are  being  produced  by  two  Western  firms  which  have  made  a  con- 
siderable success  of  drying  them. 

Both  of  these  firms  produce  Bartlett  pears  which  are  very  deli- 
cious. There  is  a  peculiar  flavor  about  them  that  they  retain  that  is 
most  attractive. 

Frank  K.  Chew  :  Are  peaches  more  difficult  to  dry  than  Bartlett 
pears  ?  I  mean  a  peach  that  is  a  luscious  peach,  and  would  be  a  good 
eating  peach.  I  understand  that  there  is  a  difficulty  in  drying 
peaches. 


Discussion  on  Dehydration  523 

Mr.  Gore  :  There  is  another  man  that  knows  much  more  about 
this  than  I  do,  Air.  Hiltner,  Chief  of  our  Laboratory  at  Denver.  Mr. 
Hiltner  has  just  been  East  and  has  been  drying  peaches.  He  has 
done  a  good  deal  of  field  work  on  the  sulphuring  problem  in  con- 
nection with  peaches,  with  the  idea  of  working  out  methods  whereby 
the  sulphuring,  now  regarded  by  the  peach-drying  industry  as 
necessary,  could  be  cut  down,  and  he  has  gotten  some  very  remark- 
able results.  He  succeeded  in  producing  beautiful  products  from 
Eastern  peaches.  The  usual  claim  is  that  the  Eastern  growni  peaches 
are  not  drying  peaches,  that  they  don't  lend  themselves  to  drying, 
don't  contain  the  sugar,  don't  have  the  texture  that  a  drying  peach 
should  possess.  Nevertheless,  he  took  some  Southern  Belle  variety 
and  got  some  beautiful  results  without  excessive  sulphuring.  You 
could  see  the  beautiful  red  stain  next  to  the  pit  and  the  color  was 
almost  unaltered  by  drying.  He  dried  them  in  a  steam  dryer  in 
about  six  hours.  He  expects  to  extend  that  work  to  large  enough 
proportions  so  as  to  be  able  to  tell  whether  or  not  it  means  anything 
for  the  peach  industry.    That  hasn't  yet  been  accomplished. 

Frank  K.  Chew  :  I  assume  that  the  products  you  have  shown 
here  are  shredded  or  slashed,  much  thinner  than  our  mothers  and 
grandmothers  used  to  do  in  drying  fruits— not  so  much  vegetables, 
as  they  didn't  do  that  much.  I  assume  that  it  is  necessary,  to  be 
successful  in  preserving  the  various  foods,  that  they  shall  be  cut 
in  rather  thin  slices. 

I\Ir.  Gore  :  There  are  two  views  on  that,  again.  These  Western 
firms  don't  cut  in  small  pieces,  they  have  a  very  long  drying  period, 
some  of  them  drying  for  as  much  as  twenty  hours,  but  to  accomplish 
rapid  drying  so  that  you  can  get  reasonable  efficiency  out  of  your 
dryers  from  a  heat  point  of  view,  it  now  seems  desirable  to  shred 
them  rather  finely.  They  dry  very  much  faster  if  you  shred  them, 
of  course,  especially  on  material  like  string  beans.  If  you  don't 
shred  them,  raw  string  beans  dry  very  slowly.  The  cooked  string 
beans  are  a  difl:'erent  proposition. 

In  this  electric  fan  work  it  is  very  necessary  to  shred  to  break 
down  the  protective  membranes  that  Nature  has  put  on  the  surface 
of  all  these  vegetables  to  protect  them  from  drying. 

Mr.  Fleisher  :  One  thing  that  you  have  to  do  in  drying,  of 
course,  is  to  keep  whatever  materials  you  are  going  to  dry  of  the 
same  thickness,  so  that  when  the  operation  is  finished  you  don't 
have  to  select  those  things  that  are  dry  and  those  that  aren't  dry. 
That  is  one  of  the  imj)ortant  things  in  drying,  to  see  that  you  get 
a  uniform  product. 
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We  dried  potatoes,  and  found  that  you  could  dry  them  thoroughly 
in  four  hours  when  cut  about  an  eighth  of  an  inch  thick.  If  you 
cut  them  thicker  than  that  you  don't  get  as  good  a  product  and  there 
are  some  that  don't  dry. 

I  want  to  ask  you  another  thing.  Has  it  been  pretty  well  proven 
that  everything  in  the  way  of  fruits  and  vegetables  can  be  dried  and 
made  into  acceptable  food  ? 

Mr.  Gore  :    Yes. 

Mr.  Fleisher:  Of  course  we  found  in  our  experiments,  every- 
thing that  we  did  correctly,  turned  out  to  be  acceptable  as  food  and 
enjoyable  to  eat. 

I  wonder  whether  anything  had  been  developed  in  the  way  of 
arranging  for  community  or  Federal  dehydration,  or  anything  of 
that  sort;  I  mean  in  connection  with  utilizing  the  apparatus  that 
we  now  have  in  our  schools  and  public  buildings,  lying  perfectly  idle 
during  the  drying  season? 

You  remember,  I  spoke  to  you  about  that  and  said  that  as  far 
as  we  had  worked  out  the  process-  of  drying,  it  meant  simply  a 
question  of  fans  and  heaters  and  boilers  and  a  room  ;  the  drying 
itself  is  a  question  for  the  summer  months  when  the  heating  systems 
in  our  Federal  and  school  buildings  are  not  being  used  for  anything. 
Some  particular  room  could  be  selected  in  those  buildings  and  the 
apparatus  we  have  there  utilized  for  this  work. 

Mr.  Gore  :  I  think  that  that  is  one  of  the  m^ost  fertile  suggestions 
we  have  had,  and  it  fits  right  into  the  technical  experience  of  many 
of  the  men  here.  We  are  going  forward  in  New  York  at  the  present 
time  in  a  most  remarkable  food  conservation  movement. 

One  of  the  very  few,  if  not  the  only  tangible  method  of  conserving 
food  which  has  developed  is  this  movement.  Miss  Mabel  Kittredge 
of  New  York,  a  woman  on  Mayor  Mitchel's  Food  Committee,  has 
developed  in  one  of  the  school  houses  of  New  York  City  a  canning 
project  whereby  they  are  canning  some  of  the  food  condemned  on 
the  piers  of  New  York  City,  and  I  understand  the  way  that  is  being 
accomplished  is  this  ■. 

The  food  is  condemned  by  the  city  officials,  and  it  is  condemned 
not  because  it  is  all  bad,  but  because  a  certain  proportion  of  it  is 
bad  and  the  food  must  be  gotten  away  to  make  room  for  the  next 
day's  supply.  So,  this  condemned  food  is  separated  into  the  good 
and  bad,  and  the  good  material  is  O.  K.'d  by  the  proper  officials 
of  the  city  so  that  the  food  which  is  actually  used  in  this  work 
is  good  food. 

It  isn't  material   that  is  "off"  in  any  sense  of  the  word.     This 
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material  is  being  canned  now  in  this  school  building  in  New  York 
City,  and  they  are  hoping  to  develop  something  along  the  line  of 
drying.  They  are  trying  baking  ovens  there  now  as  dryers  to  see 
if  they  can't  dry  this  material.     That  is  the  situation  there. 

It  seems  to  me  it  is  a  fine  chance  to  do  some  good  work  on  the 
application  of  heating  systems  of  the  public  buildings  for  food 
conservation. 

Miss  Blunt:     Are  these  school  ovens  or  are  they  special  ovens? 

Mr.  Gore  :  They  are  using  the  school  ovens  which  were  used 
formerly  in  preparing  the  school  lunches.  Miss  Kittredge  is  respon- 
sible for  the  school  lunch  movement  in  New  York  City.  This  is  a 
development  of  that,  in  a  way. 

Prof.  J.  D.  Hoffman  :  In  connection  with  Professor  Pugsley's 
work,  he  has  now  two  establishments  in  Lincoln  and  a  third  one 
is  being  put  in,  two  in  Omaha  and  one  in  Fremont.  The  one  in 
University  Place  in  Lincoln  is  in  the  school  building  for  the  night 
school. 

W.  L.  Fleisher  :  I  have  done  some  work  with  the  Mayor's  Com- 
mittee in  New  York  in  this  connection,  and  I  was  simply  waiting 
for  this  meeting  before  making  that  suggestion  to  Mr.  Eckroth  of 
the  Mayor's  Committee  who  has  charge  of  the  work  in  New  York, 
on  the  use  of  the  heating  and  ventilating  apparatus  in  the  schools. 
I  did  suggest  it  to  Mr.  McHargue  of  the  Westchester  Association, 
which  really  is  the  first  association  that  has  taken  up  the  question 
of  using  the  public  buildings  and  the  schools,  and  the  systems  in  the 
schools. 

I  believe  that  most  of  the  systems  now  in  use  comprise  a  large 
fan  and  heater  installation,  of  size  sufficiently  large  to  give  both 
volume  and  temperature  adequate  for  the  purpose  of  dehydration. 
My  suggestion  was  that  a  room  close  to  the  heating  and  ventilating 
apparatus  should  be  taken,  and  then  temporary  ducts  put  up  from 
the  fan  system  into  this  room  and  the  floor  covered  with  a  slat 
platform  or  some  other  simple  distributing  method  through  which 
the  air  could  enter.  Then  the  trays  with  the  food  products  which 
the  community  would  bring  in  could  be  placed  on  this  platform. 
Thermostatic  systems  being  in  the  school  already,  the  temperatures 
could  be  kept  at  the  point  desired.  The  air  could  then  be  taken 
back  from  the  room  into  the  fan  and  recirculated.  Then,  during 
the  months  when  the  schools  and  public  buildings  aren't  in  use,  this 
one  particular  room  could  be  selected  to  be  used  as  a  communitv 
dehydrator,  using  the  apparatus  which  is  in  the  school  and  which 
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is  used  for  the  heating  and  ventilating  in  the  winter  time.  When 
the  sessions  are  ready  to  start,  this  apparatus  can  be  taken  down 
and  stored  for  the  next  year  or  made  a  part  of  the  girls'  class  work. 

L.  C.  Soule:  I  would  like  to  ask  Mr.  Gore  if  he  has  had  any 
experience  in  drying  tomatoes. 

Mr.  Gore  :  Just  one  experience.  They  were  dried  under  the 
electric  fan.  They  are  spread  right  on  wooden  slats  and  dried. 
They  dry  over  night  and  quite  successfully,  only  you  don't  get  very 
much  when  you  are  through.  You  only  get  about  G  per  cent  of 
your  original  weight.  These  have  been  cooke'l  up  by  one  of  Dr. 
Langworthy's  workers  and  found  to  be  very  good  quality.  She 
reported  very  favorably  on  this  product  right  here. 

One  of  the  drying  firms  tried  them,  but  felt  that  they  got  so  little 
for  their  trouble  that  they  were  quite  discouraged. 

L.  C.  Soule:  I  wanted  to  ask  if  they  could  be  dried  whole  or 
had  to  be  cut  up. 

Mr.  Gore  :  Our  Mr.  Howard,  who  has  done  so  much  work  on 
tomato  spoilage  is  quite  sceptical  about  our  drying  them  even  in 
this  condition  on  account  of  the  danger  of  multiplication  of  the 
spoilage  organisms  during  drying.  I  don't  believe  you  would  succeed 
in  drying  them  whole. 

L.  C.  Soule  ;  How  many  vegetable  foods  can  you  dry  whole, 
without  slicing? 

Mr.  Gore  :  Well,  none  that  I  can  think  of  now  except  small 
fruits.  They  dry  very  slowly.  You  must  cut  strawberries  in  order 
to  dry  them,  and  they  aren't  so  very  good  when  they  are  dried. 

James  H.  Davis  :    Can  you  dry  peas  and  beans  whole? 

Mr.  Gore  :  We  tried  peas.  They  took  two  days  and  we  haven't 
a  very  good  opinion  on  their  quality  after  they  were  dried.  I  don't 
recall  that  we  ever  got  any  opinion  from  Dr.  Langworthy  on  the 
quality  of  the  dried  peas.  Probably  they  ought  to  be  blanched  before 
they  are  dried,  and  we  didn't  try  that. 

W.  D.  Edwards^  :  We  tried  cooking  peas  before  drying  them, 
and  they've  gotten  the  canned  peas  beaten  a  mile. 

Mr.  Gore  :    How  long  did  you  cook  them  ? 

W.  D.  Edwards  :  I  think  it  was  about  ten  minutes,  with  about 
2  lb.  steam  pressure. 

1  With    B.   F.   Sturtevant   Co.,   Chicago,   111. 
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Mr.  Gore  :  The  reason  1  asked  that  was  that  we  expected  to 
dry  some  peas  next  week  in  western  New  York. 

W.  D.  Edwards  :  We  dried  blackberries  and  raspberries  and 
loganberries  and  got  exceptionally  good  results.  In  fact,  we  got 
loganberries  that  people  didn't  believe  were  dried.  The  question 
came  up  awhile  ago  of  drying  peaches  and  pears.  We  dried  a  great 
many  pears  down  in  Southern  Oregon  and  we  also  dry  a  lot  of 
peaches  there.  About  the  only  difficulty  was  that  in  cutting  the 
peaches  in  two,  the  peaches  took  a  little  longer  to  dry  than  the  pears. 
As  you  say,  the  pears  were  delicious. 

A.  K.  Ohmes:  What  were  the  conditions?  What  sort  of  a 
device  was  used — steam  drying? 

W.  D.  Edwards  :  It  was  a  very  small,  practical  dryer  and  some- 
thing that  the  farmer  or  anybody  can  utilize,  with  a  little  bit  of 
care.  It  is  120  ft.  long,  10  ft.  wide  and  8  ft.  high,  with  doors  opening 
from  each  side,  and  trays,  with  a  small  sheet-iron  furnace  in  the 
center  in  which  the  farmer  can  burn  anything  that  he  has  to  burn, 
if  it  is  tight,  and  he  will  protect  the  direct  heat.  He  will  find  that 
he  can  dry  with  a  free  circulation  of  air  most  products  very  com- 
fortably and  very  easily,  only  it  requires  the  time,  which  a  nicer, 
more  scientitic  arrangement  of  course  obviates. 

But,  at  a  small  cost,  he  can  get  a  dryer  that  will  hold  oO  bushels 
of  prepared  materials.  I  have  built  such  a  one  recently,  so  I  am 
familiar  with  it.  I  used  for  that  purpose  a  gypsum  wall  board, 
which  is  a  very  good  insulator,  very  cheap,  cheaper  than  lumber 
and  can  be  nailed.  The  roof  of  the  dryer  of  course  has  to  be 
protected  by  the  ordinary  sheeting  and  roofing,  and  by  the  doors 
opening  outward.  It  is  very  easily  attended,  and  in  that  manner  it 
doesn't  need  to  be  run  scientifically.  They  can  even  load  one  end 
of  it  and  take  out  from  the  other  as  a  small  family  would'  load  in 
their  ordinary  preparation,  and  by  slicing  the  material  as  has  been 
stated,  according  to  its  density,  the  thing  can  be  handled,  I  think, 
very  practically  by  most  any  one  who  is  familiar  with  ordinary 
heating  conditions. 

F.  D.  B.  Ingalls:    What  should  be  done  with  it  after  it  is  dried? 

Mr.  Gore:  One  hrm  claims  that  it  must  be  kept  in  tin  and  the 
other  says  cardboard  is  preferable. 

F.  D.  B.  Ingalls  :  I  had  in  mind,  particularly  in  connection  with 
the  description  of  this  dryer — take  a  farmer  w^ith  a  dryer  like  that, 
what  would  he  do  with  it  after  he  gets  it  dry? 
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Mk.  Gore:  The  first  thing  he  ought  to  do  with  it  is  to  see  that 
it  isn't  full  of  insect  larvae.  He  must  heat  that  material  when  it  is 
dried  to  such  a  point  that  the  insect  larvae  or  eggs  are  all  destroyed, 
unless  he  has  already  done  that  in  the  process  of  drying.  That 
temperature  is  given  right  in  that  farmer's  bulletin  that  was  passed 
around.  It  is  al?out  140  deg.  fahr.,  if  I  remember.  That  will  kill 
ofif  any  insect  larvae  without  any  damage  to  the  material  if  the 
heating  is  not  unduly  prolonged.  He  can  do  that  in  any  sort  of  an 
oven  that  he  has  handy.  This  is  a  very  vital  factor,  as  you  will 
realize  if  you  have  ever  experienced  loss  from  this  cause. 

W.  D.  Edwards:  I  have  some  of  this  material  that  has  been 
around  for  about  four  years  under  all  sorts  of  conditions — open, 
shut,  dark  and  light  and  every  other  condition. 

In  regard  to  taking  care  of  the  stuff  when  it  is  first  dried,  in 
Oregon  we  used  to  make  it  a  point  to  keep  it  in  a  dark  room,  a 
screened  room,  and  keep  it  in  the  dark  until  we  were  ready  to  pack 
it.  We  had  large  sacks,  and  we  tried  to  get  it  into  them  as  quickly 
as  possible  and  then  put  another  paper  sack  over  it  to  keep  the  moths 
and  bugs  away  from  it. 


No.  457 
DEHYDRATING  FRUITS  AND  VEGETABLES 

By  Fred  R.  Still,  Detroit,  Mich. 
Member 

IT  has  been  variously  estimated  that  from  10  to  "^0  per  cent  of 
the  vegetables  and  fruits  raised  in  this  country  are  wasted 
because  they  are  unfit  for  consumption  by  the  time  they  are 
marketed  and  considerably  more  is  greatly  depreciated  in  value 
owing  to  deterioration.  With  all  the  amateur  farmers  engaged  in 
raising  crops  this  year,  the  proportionate  loss  will  be  more,  unless 
decay  can  be  avoided  by  dehydrating  the  product,  but  how  to 
dehydrate  it  is  the  point  we  are  interested  in.  It  will  not  be 
attempted  herein  to  tell  you  how  is  the  best  zi'oy  to  go  about  it,  as 
that  way  has  never  been  discovered.  An  attempt  will  only  be  made 
to  indicate  what  may  be  done,  how  it  can  be  done  and  how  some 
have  already  done  it. 

Everybody  knows  from  study  or  by  experience  that  the  simplest 
drying  problem  is  usually  quite  complex,  but  where  it  involves 
dealing  with  substances  which  contain  from  72  to  95  per  cent 
water  which  must  be  extracted  without  injury  to  the  food  value, 
flavor,  odor,  color  or  chemical  composition,  and  this  at  the  same 
time  without  a  large  investment  or  adding  so  much  to  the  cost  as 
to  make  the  product  unsalable  at  usual  market  prices,  then  it  will 
be  agreed  that  it  is  superlatively  complex  as  an  engineering  problem. 

It  is  the  accomplishment  of  these  essential  elements,  so  necessary 
in  preserving  foods,  that  distinguishes  "dehydration"  from  ordinary 
"drying,"  as  the  latter  is  commonly  understood.  "Dehydration" 
is  accomplished  by  the  evaporation  of  moisture  at  comparatively 
low  temperatures,  whereas  "drying"  is  usually  accomplished  by 
applying  as  much  heat  to  the  material  as  it  will  stand  so  as  to 
vaporize  the  contained  moisture,  only  employing  enough  air  circu- 
lation to  carry  away  the  moisture. 

A  certain  concern  in  this  country  has  done  a  lot  of  dehydrating 
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of  fruits  and  vegetables  with  very  favorable  results.  But  so  far 
as  can  be  observed,  it  is  accomplishing  nothing  but  what  others 
have  done  in  specific  cases.  Credit  is  due  this  particular  concern 
though  for  the  laborious  effort  and  expense  put  into  the  study  of 
the  eiTect  of  dehydration  on  a  great  variety  of  substances.  This 
has  provided  their  engineering  stafif  with  some  very  valuable  data, 
whereby  they  know  what  are  the  critical  temperatures  of  many 
substances  and  under  what  conditions  the  best  results  are  attained 
most  economically. 

This  method  is  not  patented  except  as  applied  to  one  substance 
and  probably  is  not  otherwise  patentable.  We  discovered  an  appli- 
cation title  that  they  filed  some  years  ago,  which  indicates  they 
tried  to  patent  it  but  could  never  get  it  through  the  patent  office 
to  final  issue.  They  have  numerous  patents  on  the  dryer  and 
devices  in  connection  therewith,  however. 

The  concern  claims  to  be  able  to  dry  25  tons  of  sliced  apples  per 
day  of  24  hours  with  one  of  their  standard  outfits,  allowing  but  2 
hours  to  dry.  This  is  equivalent  to  about  2083  lb.  per  hour  or  55 
bushels  of  raw  apples  per  hour  containing  84.6  per  cent  of  water. 
When  the  apples  are  commercially  dry  there  is  still  retained  from 
G  to  12  per  cent  moisture.  In  fact,  there  is  not  much  use  trying  to 
remove  all  the  moisture  from  anything,  as  most  substances  will 
take  up  6  to  8  per  cent  moisture  again  from  the  atmosphere  before 
packing  in  sealed  receptacles  can  be  accomplished. 

This  84.6  per  cent  of  2083  lb.  is  1763  lb.  of  water,  hence  the 
absolutely  dry  fruit  weighs  only  320  lb.,  or  15  per  cent  of  the  raw 
weight,  and  commercially  dry  with  12  per  cent  moisture  retained 
weighs  364  lb.,  there  being  44  lb.  still  retained  in  the  output  of  the 
dryer  per  hour;  1763  lb.,  less  44  lb.  leaves  about  1720  lb.  of  water 
to  evaporate  per  hour. 

In  two  of  their  patents  they  claim  to  have  found  the  best  results 
when  raising  the  temperature  about  61  deg.  fahr.  above  the  out- 
side atmosphere,  and  give  as  an  example  70  deg.  outside,  plus  61 
deg.  or  131  deg.  inside.  We  will  use  these  figures  in  this  problem 
to  illustrate  some  of  the  physical  properties  of  air,  heat,  vaporiza- 
tion, cooling  and  refrigeration,  not  because  we  agree  with  their 
statements  entirely,  nor  that  they  are  even  safe  to  follow  in  every 
case,  but  because  they  answer  our  purpose  as  well  as  any  others. 
We  would  also  add  that  all  computations  were  made  on  a  slide 
rule,  so  most  of  the  figures  beyond  three  digits  are  dropped,  but  the 
results  are  then  even  closer  than  should  be  figured  without  adding 
hberal  factors  of  safety  for  such  problems,  involving,  as  they  always 
do,  so  many  indeterminate  variables. 
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Assuming  the  outside  air  to  be  70  deg.  fahr.  and  50  per  cent  sat- 
urated, the  dew  point  is  50  deg.,  the  wet  bulb  58  deg.,  and  each 
cubic  foot  of  air  contains  4  grains  of  moisture.  Heating  this  air  to 
131  deg.  fahr.  will  raise  the  wet  bulb  to  77  deg.  If  this  air  takes 
up  3  grains  of  moisture  while  going  through  the  dryer,  it  will  then 
carry  7  grains,  the  dry  bulb  temperature  will  be  reduced  to  104 
deg.  and  the  dew  point  will  be  66  deg.  fahr. 

Heating  1720  lb.  of  water  from  70  deg.  to  104  deg.  and  evaporat- 
ing it  at  that  temperature,  heating  44  lb.  of  water  and  320  lb.  of 
substance  having  a  specific  heat  of  0.50  from  70  deg.  to  131  deg. 
fahr.  and  about  1000  lb.  of  conveying  apparatus  through  these 
latter  temperatures,  also  allowing  about  30  per  cent  to  cover  the 
leaks  and  the  radiation  from  the  ducts  and  dryer  building,  we  find 
the  total  heat  will  amount  to  about  2,420,000  B.t.u.  per  hour. 

If  each  pound  of  air  drops  from  131  to  104  deg.  while  passing 
through  the  dryer  then  it  must  give  up  6.41  B.t.u. ;  hence  dividing 
the  total  heat  required  by  the  dryer,  by  the  loss  per  pound  of  air, 
gives  us  377,500  lb.  of  air  per  hour,  or  about  6300  lb.  per  minute, 
which  is  about  84,000  cu.  ft.  per  minute  at  70  deg.  fahr.  This  air 
must  be  raised  from  70  deg.  to  131  deg.,  so  the  heat  put  into  the 
air  by  the  heating  apparatus  will  amount  to  61  deg.  x  0.2375  x  377,500 
lb.,  or  5,600,000  B.t.u.  per  hour.  Hence  the  dryer  efficiency  will 
thus  be  about  43.25  per  cent  on  a  heat  basis. 

This  question  of  evaporation  efficiency  brings  up  a  very  fine  point 
that  often  leads  to  endless  discussion.  Naturally  if  the  air  absorbs 
more  moisture  while  passing  through  the  dryer,  the  resultant  effi- 
ciency will  be  higher.  But  in  so  doing  the  outgoing  temperature  of 
the  circulating  air  becomes  lower.  In  other  words,  if,  in  the  pre- 
ceding case,  the  air  had  been  completely  saturated  as  it  left  the 
dryer,  then  the  dry  bulb  and  the  wet  bulb  temperatures  would  be 
alike,  or  at  77  deg.,  instead  of  the  dry  bulb  temperature  being  101 
deg.  The  eflfect  of  this  would  be  to  very  materially  slow  up  the  dry- 
ing ])rocess,  start  fermentation,  cause  the  forming  of  mildew,  dis- 
coloration and  leave  a  bitter  taste  and  bad  odor  with  the  product. 

Just  how  far  to  go  in  saturating  air  within  a  dryer  is  one  of  the 
things  to  be  learned  by  experience  with  every  product  you  have 
to  deal  with.  Besides,  latitude  and  altitude  have  an  influence  on 
any  dryer  and  calculations  must  take  them  into  consideration  -in 
extreme  cases.  A  dryer  built  to  certain  proportions,  which  had 
done  splendid  work  in  Florida  all  the  year  around,  might  prove  a 
"bigger  frost"  in  Bismarck,  N.  D.,  in  the  winter  time  than  even  the 
frost  in  the  atmosphere  of  that  noted  cold  spot.  As  a  general 
propfjsition.  you  arc  "playing  safe"  on  most  drving  problems  if  you 
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-keep  the  heating  efficiency  around  50  per  cent.  It  is  only  the  ex- 
perienced specialist  who  gets  above  that  mark  and  usually  then  by 
expert  handling  after  installation. 

To  furnish  steam  for  this  dryer  would  require  168  boiler  h.p. 
Allowing  4  lb.  of  coal  per  h.p.  hr.,  it  would  require  about  672  lb. 
per  hour,  which  at  $5.00  per  ton,  would  cost  about  $1.68  per  hour, 
or  about  3c  per  bushel  of  raw  apples  for  the  fuel  alone. 

To  drive  the  fan  would  require  about  60  h.p.,  but  the  exhaust 
steam  from  an  engine  could  be  used  in  the  heating  apparatus,  thus 
making  practically  no  cost  for  power,  beyond  lubricating  oils, 
attendance,  etc. 

Allowing  for  depreciation,  interest,  insurance,  taxes  and  repairs 
for  a  year,  and  coal,  attendance,  oil  waste  and  supplies  for  5  months 
continuous  operation  of  2-1  hr.  per  day,  it  will  cost  about  $40.00  per 
h.p.  to  run  such  a  plant,  or  about  $6,800.00  per  annum.  If  it  turns 
out  55  bu.  per  hour  every  day,  including  Sundays,  for  130  days, 
the  output  would  amount  to  171,600  bushels.  Hence  the  cost  of 
operation  would  be  about  4  cents  per  bushel. 

Even  if  it  cost  5  cents  per  bushel  to  dehydrate  the  apples,  it  is  a 
good  investment.  For  instance,  supposing  10  per  cent  of  the  apples 
would  have  decayed  if  they  had  not  been  dried,  the  loss  would  be 
17,160  bushels.  If  they  were  worth  say  50  cents  a  bushel,  the  loss 
would  be  $8,580.  The  great  advantage,  however,  is  due  to  the 
fact  that  dehydrated  food  will  keep  for  years.  It  is  not  necessary 
to  rush  the  fruits  and  vegetables  to  the  market  as  soon  as  they  are 
harvested,  which  naturally  "bears"  the  market  price,  at  the  time 
when  the  farmer  has  his  only  chance  to  sell.  Instead,  he  can  pack 
his  product  in  comparatively  small  packages  and  take  his  time  to 
dispose  of  it,  when  the  market  conditions  are  favorable. 

Few  farmers  have  enough  money  on  hand,  however,  to  invest  as 
heavily  as  would  be  necessary  for  a  plant  of  this  size.  The  proper 
thing  to  do  would  be  to  club  together  on  a  cooperative  basis,  or  better 
still,  incorporate,  install  a  manager  and  run  it  as  a  community 
business,  just  as  the  beet  sugar  mills  are  run,  only  distributing  the 
stock  among  the  farmers  instead  of  the  city  capitalists.  This  would 
be  a  much  better  way  to  go  about  it  than  for  each  farmer  to  attempt 
to  buy  a  small  plant  for  his  own  use  exclusively.  He  is  usually  a 
poor  manager  of  machinery  as  well  as  a  poor  business  manager, 
hence  it  would  be  of  greater  all-around  advantage  and  profit  to  him, 
and  to  the  consumer  too,  to  invest  in  a  corporation  and  be  relieved 
of  the  necessity  of  looking  after  it.  Such  a  corporation  could  even 
budd  fireproof  warehouses  to  store  the  product,  handle  the  sales 
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on  a  commission  basis,  etc.,  much  the  same  as  the  cotton  business 
is  handled  in  certain  parts  of  Texas. 

Returning  to  our  problem  again  to  consider  another  feature  which 
frequently  is  presented :  The  question  is  often  asked — "Why  not 
put  in  a  refrigerating  plant  to  condense  the  moisture  out  of  the 
air?"    Well,  the  best  answer  is  contained  in  a  few  figures,  as  follows  : 

The  air  leaving  the  dryer  is  at  10-i  deg.,  containing  7  grains  per 
cu.  ft.  as  3  grains  must  be  eliminated  from  each  cubic  foot;  then 
the  dew  point  must  be  reduced  to  50  deg.  Therefore,  the  tempera- 
ture must  be  lowered  54  deg. 

One  pound  of  air  containing  31.6  per  cent  moisture,  when  lowered 
from  104  deg.  to  40  deg.,  will  require  the  absorption  of  20.56 
B.t.u.  Therefore,  to  take  up  the  heat  from  6  300  lb.  of  air  per 
minute  will  amount  to  648  tons  of  refrigeration  per  24  hrs. 

If  the  air  was  cooled  to  66  deg.  (which  is  the  dew  point  for 
104  deg.  dry  bulb)  by  spraying  with  cold  water  from  a  well  or 
spring  and  then  lowering  the  temperature  from  66  deg.  to  50  deg. 
by  refrigeration,  it  will  require  nearly  200  tons  refrigeration.  Such 
a  plant  would  be  too  expensive  and  complicated  to  consider  seriously. 

Another  question  which  naturally  arises,  is  what  will  happen 
when  the  outside  temperature  rises  to  95  deg.  fahr.  and  60  per  cent 
saturation,  as  sometimes  happens  in  the  summer  time? 

The  wet  bulb  temperature  then  is  82  deg.,  dew  point  T8  deg. ;  if 
raised  to  3  31  deg.  the  wet  bulb  is  raised  to  90  deg.  If  3  grains  of 
moisture  are  added  in  the  dryer,  the  dry  bulb  temperature  then  drops 
to  104  deg.  again,  the  air  being  60  per  cent  saturated  with  a  dew 
point  of  86  deg. 

The  only  practical  result  would  be  the  consumption  of  less 
steam  and  an  increase  in  the  length  of  time  the  apples  had  to  remain 
in  the  drying  chamber,  owing  to  the  increased  humidity  of  the  air 
as  it  left  the  dryer.  This  latter  could  be  compensated  for  by 
making  the  dryer  large  enough  to  allow,  say  three  hours  to  dry, 
instead  of  two  hours. 

If  a  refrigerating  plant  was  to  be  installed  to  take  care  of  these 
latter  conditions  it  would  have  a  capacity  of  1000  tons  instead  of 
648  tons. 

All  fruits  and  vegetables  which  can  be  pared,  sliced  or  shredded 
will  dry  very  rai)idly.  For  example,  20  tons  of  ])otatoes,  contai'n- 
ing  78.3  per  cent  moisture,  can  be  dried  per  24  hrs.  in  this  same 
dryer,  also  20  tons  of  sweet  potatoes  containing  69  per  cent  mois- 
ture, or  12  tons  of  parsnips  containing  83  per  cent,  or  9  tons  of 
tomatoes  containing  94.3  per  cent,  or  20  tons  of  carrots  or  turnips 
containing  88.2  per  cent  and  89.6  per  cent  moisture  respectively. 


534  Dehydrating  Fruits  and  Vegetables 

When  it  comes  to  drying  fruits  unsliced,  the  capacity  is  very 
materially  affected,  as  for  instance  blackberries,  gooseberries,  huckle- 
berries, raspberries,  strawberries,  currants,  etc.,  all  contain  from  83 
to  90  per  cent  of  moisture,  but  only  3  to  4  tons  can  be  dried  per 
day  of  24  hours  in  this  same  dryer,  or  from  one-sixth  to  one- 
twelfth  of  the  capacity  when  the  product  is  sliced  or  shredded. 

Several  dryers  have  been  designed  by  the  writer,  which  have 
turned  out  an  average  of  30  tons  of  raw  fruit  daily,  which  contained 
To  to  80  per  cent  moisture,  using  an  apparatus  about  two-thirds  the 
size  of  what  would  be  required  in  the  foregoing  example,  but  there 
is  yet  plenty  of  room  for  improvement.  Such  a  dryer  as  outlined 
is  about  50  ft.  long,  6  ft.  wide  and  about  13  ft.  high,  not  including 
the  drying  apparatus.  Usually  trucks  or  cars  with  racks  to  support 
mesh-bottomed  trays,  carry  the  product,  which  is  spread  anywhere 
from  3^  to  1  in.  deep  on  the  trays.  Considerable  ingenuity  has 
been  exhibited  by  some  designers  and  patentees  in  efforts  to  get 
a  perfectly  even  distribution  of  air  circulation  over  the  entire  sur- 
face of  each  tray.  Most  of  the  patents  granted  simply  cover  this 
feature  in  combination  with  something  else.  Such  methods  always 
involve  considerable  handling  and  careful  watching  to  keep  up  the 
continuity  of  the  cycles  of  operation,  or  else  the  output  will  be 
below  the  maximum  capacity. 

The  fruit  dryer  having  30  tons  capacity  above  referred  to,  is  an 
automatic  belt  dryer.  There  is  no  handling  of  the  product  from  the 
paring  and  slicing  machine  to  the  packing  room,  all  being  done  by 
conveyors,  bucket  elevators  and  chutes.  The  area  of  the  conveyor 
in  the  drying  chamber  is  about  the  same  as  the  total  area  the  trays 
would  be  for  a  car  system,  but  the  dryer  is  about  10  ft.  longer  on 
account  of  some  waste  space  necessary  at  each  end  to  accommodate 
the  mechanism  which  operates  the  belts. 

The  first  cost  of  one  or  the  other  is  not  much  different,  while 
the  cost  of  maintenance  and  the  saving  of  labor  is  decidedly  in 
favor  of  the  conveyor  system.  The  employees  who  handle  the  trays, 
however,  have  a  penchant  for  destroying  them,  also  battering  the 
cars  or  trucks ;  whereas  they  never  have  any  occasion  to  touch  a 
conveyor  dryer.  This  is  due  partly  to  the  fact  that  employees  are 
not  around  a  conveyor  plant,  as  they  are  not  needed  to  operate  it. 

Another  method  of  dehydrating  foods  is  by  vacuum.  This, 
however,  is  too  limited  in  capacity  for  serious  consideration,  unless 
a  plant  of  huge  proportions  is  installed,  when  it  then  parallels  the 
cost  and  expense  hereinbefore  noted  for  refrigeration.  The  cycles 
of  operation  are  bound  to  be  slow  and  the  labor  cost  excessive,  with 
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no  compensating  results  other  than  can  be  obtained  by  the  air  cir- 
culation methods. 

Probably  a  small  outht  could  be  made  which  might  be  sold  to  the 
householder  who  has  a  little  garden  in  his  back  yard,  or  who  desires 
to  put  up  vegetables  and  fruits  when  they  can  be  bought  cheap  in 
the  summer.  AVe  can  imagine  a  little  vacuum  chamber  holding  per- 
haps a  peck,  with  a  little  back  geared  vacuum  pump  driven  by  an 
electric  motor  that  might  be  made  and  sold  at  a  price  low  enough 
to  be  attractive  to  many  thousands  of  people  just  now,  much  like 
the  little  ice  machines  now  being  made  for  household  use.  They 
could  dry  their  potatoes,  sweet  corn,  peas,  beans,  squash,  tomatoes, 
cherries,  apples,  etc..  pack  the  dried  product  in  glass  fruit  jars  and 
set  them  away.  They  will  only  need  from  one-seventh  to  one- 
twelfth  of  the  same  number  of  such  jars  to  pack  the  dry  product  as 
they  would  need  in  the  accustomed  manner  of  "putting  up"  fruit 
and  vegetables. 

When  they  want  to  use  any  of  it,  pour  out  a  little  into  cold 
water  and  let  it  stand  for  an  hour.  It  will  take  up  nearly  as  much 
water  as  was  originally  evaporated  from  it  and  resumes  nearly  the 
same  shape.  Slices  as  thin  as  paper  swell  to  %  in.  or  more  in 
thickness  and  from  the  diameter  of  a  quarter  of  a  dollar,  to  larger 
than  a  dollar  in  diameter.  All  the  original  flavor  of  the  fresh  fruit 
or  vegetable  is  retained,  and  in  most  cases  the  flavor  is  better  than 
so-called  fresh  vegetables  from  the  market,  because  most  of  the 
latter  have  lost  their  best  flavor  by  long  exposure  to  the  elements 
before  reaching  the  market,  or  while  in  cold  storage. 

After  the  dried  product  has  taken  up  all  the  water  it  will  absorb, 
proceed  to  cook  and  season  it  in  the  same  manner  as  if  it  was  fresh 
out  of  the  ground.  Those  who  have  never  tasted  any  dehydrated 
foods  will  be  astonished  at  the  results.  W'hen  properly  treated  and 
prepared,  it  is  impossible  for  the  most  critical  observer  to  tell  which 
is  fresh  and  which  was  dehydrated. 

The  writer  has  interested  himself  in  this  subject  more  or  less  for 
some  years,  but  never,  before  this  year,  has  there  been  much  to 
encourage  any  eft'ort  to  devise  something  to  meet  the  requirements. 
Even  now,  with  the  high  prices  prevailing  and  the  insistent  urging 
by  the  government  that  all  food  be  carefully  preserved,  there  does 
not  seem  to  be  much  likelihood  of  anything  being  done  on  a  scale 
of  such  proportions  as  will  go  very  far  toward  relieving  the 
situation. 

It  will  take  years  to  get  the  farmer  interested  so  that  he  will 
take  active  steps  in  that  direction.  Likewise,  it  will  take  a  long 
time  to  interest  the  capitalist  in  such  a  project,  when  there  are  so 
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many  tried  and  proven  opportunities  for  safe  and  profitable  invest- 
ment in  things  he  knows  more  about,  which  are  closer  to  him  and 
in  lines  of  business  where  he  can  deal  with  business  men  instead 
of  farmers,  who  are  not  always  noted  for  doing  things  in  a  business- 
like manner. 

Without  intending  to  criticize  in  the  slightest  degree  but  rather 
to  suggest  what  appears  like  a  more  practical  way  of  dealing  with 
the  food  situation,  than  is  proposed  by  the  National  Authorities, 
it  seems  as  though  it  would  be  wise  to  turn  attention  to  the  estab- 
lishment of  dehydrating  plants  in  all  of  the  existing  canning  fac- 
tories. Such  concerns  have  the  organization  to  get  the  product  from 
the  farmers  and  to  market  it  afterwards,  both  of  which  are  big  and 
serious  problems  for  any  new  concerns  to  undertake. 

Most  canning  factories  have  the  power,  the  room,  the  men  and 
the  inclination  to  undertake  it.  All  of  them  combined  are  likely  to 
be  unable  to  successfully  handle  the  crop  this  year  by  the  old  method, 
because  they  can  not  obtain  tin  enough  to  make  the  cans.  With  a 
dehydrating  plant  as  an  auxiliary  they  could  turn  out  both  kinds  of 
product,  and  perhaps  take  care  of  the  crop.  Many  of  them  lack 
money  to  do  it,  in  which  case  the  government  should  loan  it  to  them 
on  long  time  and  easy  terms.  If  all  the  crops,  which  there  is  every 
prospect  will  be  raised  this  year,  could  be  dehydrated  before  mar- 
keting, excluding  wheat  and  corn,  there  would  probably  be  150  per 
cent  more  than  is  required,  as  undoubtedly  60  per  cent  of  the  stuff 
raised  goes  to  waste  before  it  is  consumed  as  food  by  the  indi- 
vidual householder. 

The  freight  saved  in  transportation  by  railroads  and  ships,  the 
warehouse  space  saved,  the  cleanliness,  the  prevention  of  the  boost- 
ing of  prices  by  cold  storage  warehouses  (as  so  many  think  is  done), 
in  fact,  everything  one  can  think  of  favors  dehydration,  and  at 
present  every  known  substitute  fades  into  insignificance  by  com- 
parison. 

In  answer  to  the  possible  criticism  that  the  writer  is  discussing 
facts  with  which  you  are  all  perfectly  familiar,  the  only  excuse  to 
offer  is  that  never  was  there  a  time  when  this  subject  needed  such 
serious  thought  as  right  now,  and  in  the  hopes  that  this  may  come 
to  the  attention  of  some  brilliant  inventor  who  had  no  previous 
conception  of  its  importance,  or  to  someone  who  did  not  know  how 
to  go  about  it,  or  to  someone  who  was  at  a  loss  to  know  whom  to 
approach  for  the  information  needed  in  order  that  he  may  study  the 
subject,  or  if  this  should  attract  the  attention  of  some  group  of 
capitalists,  or  some  of  the  government  officials  in  one  or  more  de- 
partments having  to  deal  with  the  food  problem. 
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THE  various  methods  of  preserving  foodstuffs  are  generally 
well  known.  They  include  (1)  canning;  (2)  smoking,  salting, 
etc.;  (3)  chemical  preservation ;  (4)  heating;  (5)  refrigerat- 
ing; (6)  pickling,  and  (T)  drying,  dehydrating  or  desiccating.  Vari- 
ous sub-divisions  of  the  above  will  doubtless  occur  to  many,  but  this 
classification  may  be  said  to  embrace  the  subject  for  the  main  part. 
For  centuries  past,  the  hunter  has  stored  the  plenitude  of  one 
season  against  the  need  of  the  next  by  drying,  smoking  or  salting 
his  meat  and  fish ;  others  have  preserved  milk  in  the  form  of  cheese 
or  have  fermented  grapes  and  other  juices  into  wine.  The  writer 
has  personally  seen  the  Kaffirs  of  South  Africa  drying  fish  on  the 
roofs  of  their  "kraals"  (or  huts)  in  order  to  preserve  it  for  future 
use,  and  although,  owing  to  the  ravages  of  flies  and  other  insects, 
it  did  not  appear  very  appetizing,  it  serves  to  show  that  it  is  inherent 
in  man  to  store  up  out  of  plenty  for  use  when  paucity  sets  in.  More 
than  ever  now  do  we  need  to  take  notice  of  this  fact  and  govern  our- 
selves accordingly. 

Nature  causes  cyclic  action  in  everything.  Morning  follows  night ; 
light  succeeds  darkness ;  all  life  has  its  inception,  its  growth  and  its 
decay,  and  that  which  is  either  growing  or  decayed  will  usually 
serve  to  support  other  life.  Most  plant  life  thrives  on  decayed 
animal  or  vegetable  matter,  but  most  animal  life  is  best  supported 
by  emendatory  materials.  For  our  purpose,  therefore,  we  have  to 
consider  strictly  how  we  may  best  prevent  decay  in  such  food  ma- 
terials. 

As  long  as  the  reasons  for  decomposition  were  unknown,  all  at- 
tempts at  preservation  were  necessarily  of  the  "cut  and  try"  order ; 
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but  with  modern  knowledge  the  general  principles  involved  are 
extremely  simple.  Very  few  organic  materials  will  undergo  de- 
composition or  putrefaction  without  the  aid  of  some  foreign  agency. 
They  may  lose  water  and  some  oleaginous  substances  may  change 
by  oxidation,  but  otherwise  they  are  stable  unless  attacked  by  living 
organisms. 

A  substance  in  order  to  be  a  food  material  must  be  decomposable 
under  the  attack  of  a  living  organism.  In  fact,  the  decomposition 
of  food  stuffs  is  due  to  the  development  of  living  organisms  within 
them.  As  long  as  we  keep  such  organisms  away,  the  foodstuffs  will 
keep  pure  and  sweet,  but  as  the  air,  our  hands  or  in  fact  any  outside 
agency,  are  contaminated  with  bacteria  of  many  kinds,  so  it  is 
essential  to  the  preservation  of  foods  that  such  organisms  be  ex- 
cluded. 

The  preservation  of  a  number  of  products  is  effected  by  heat 
alone.  Few  adult  bacteria  can  live  beyond  165  deg.  fahr.  in  the 
presence  of  water,  although  dry  heat  alone  only  kills  with  certainty 
at  about  285  deg.  fahr.  Destruction  of  such  life  takes  place  more 
rapidly  in  solutions  showing  an  acid  reaction.  It  is  for  this  reason 
that  acid  fruit  is  more  easily  preserved  than  milk  (because  fresh 
milk  is  alkaline).  Hence,  we  can  sterilize  foodstuffs  by  cooking  them 
and  they  will  remain  sterile  unless  another  crop  of  bacteria  comes 
into  contact  with  them.  The  methods  of  canning  of  such  products 
are  familiar  to  everyone  and  in  such  ways  are  the  products  main- 
tained in  a  sterilized  condition. 

In  preserving  foodstuffs  by  chemicals,  sugar,  salt,  etc.,  are  used. 
Other  agencies  were  employed  for  a  time,  such  as  salicylic  and  ben- 
zoic acids,  but  their  use  is  now  almost  universally  prohibited,  owing 
to  their  deleterious  and  injurious  properties  and  their  bad  eff'ect 
on  the  human  digestive  system. 

The  preservation  of  food  by  refrigeration  is  outside  the  scope  of 
this  paper.  There  are  so  many  works  of  reference  on  the  subject 
that  it  would  be  superfluous  to  treat  of  it  at  this  time,  except  to 
state  that  at  about  32  deg.  fahr.,  fungoid  organisms  can  neither 
grow  nor  multiply.  Refrigeration,  therefore,  affords  a  means  of 
keeping  raw  food  in  a  preserved  condition  for  a  reasonable  length  of 
time. 

Among  the  general  forms  of  food  preservation  above  referred  to, 
however,  that  of  drying  is  at  present  of  the  greatest  importance. 
Foremost  among  the  drying  operations  is  that  of  the  preservation  of 
certain  meat  products  such  as  hams,  bacon,  sausage,  etc.,  by  drying 
and  smoking.  These  are  usually  treated  in  smoke  houses  which  may 
be  of  either  the  stationary  or  portable  type.    Portable  smoke  houses 
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are  generally  employed  where  small  quantities  of  meats  are  to  be 
smoked  at  a  time  and  are  usually  constructed  of  sheet  steel,  whereas 
those  of  the  stationary  type  are  usually  built  of  brick  or  concrete 
and  are  of  many  styles  and  types. 

One  type  of  gas-heated  portable  smoke  house  is  shown  in  Fig.  1 
and  the  details  as  to  sizes,  etc.,  in  which  they  are  made  is  given  in 
Table  1.    Fig.  2  shows  the  same  house  with  doors  open.    This  smoke 


FIG,  1. 


A  GAS  HEATED  PORTABLE  SMOKE  HOUSE  FOR  THE  PRESERVATION 
OF    MEAT    PRODUCTS. 


house  is  so  designed  that  the  smoke  may  be  sent  through  the  meats, 
or  deflected  into  the  flue  at  will.  .Sausages  and  meats  may,  there- 
fore, be  left  hanging  in  the  house  without  getting  more  smoke  than 
necessary. 


TABLE 

1.     DETAILS 
Dimensions  in 

OF 

ft. 

USUAL 
G 

SIZES    OF 
\S  FIRED. 

Capacity 
feu.  ft.) 

27 

PORTABLE    SMOKE 

Shipping 
Weight,  lb. 

312 

HOUSES. 
Maximum 
Gas  Con- 
sumption 

Height 

7 

Width 

3 

Depth 

2 

(cu.   ft. 
per   hr.)  - 

60 

8 

3 

2 

33 

390 

80 

8 

3 

3 

49>4 

480 

100 

8 

4 

3 

66 

560 

125 

The   height    from   the   bottom   of   the   smoke    house   to   the   grate   is   30   in.    in   each   case. 
The  capacities   shown  above  do   not   include   the   space  below  the   grate. 
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No  smoke  escapes  into  the  room  when  the  door  is  opened ;  there 
are  smoke  shutters  over  the  sawdust  pan  operated  by  a  bracket  near 
the  lower  latch  of  the  door,  so  that,  when  the  door  is  closed,  the 
operation  of  pulling'  down  the  handle  to  close  the  latch  forces  this 
bracket  down  and  opens  the  shutters,  permitting  the  smoke  to  pass 
into  the  smoking  chamber.  When  the  handle  of  the  door  is 
partly  raised  the  bracket  rises  with  it,  closing  the  smoke  shutters, 
and,  at  the  same  time,  leaving  the  door  fastened,  and  the  flue  damper 
opens  as  the  shutters  close,  thus  sending  all  smoke  from  the  gen- 
erator directly  into  the  chimney.  The  small  draft  door  is  then 
opened  which  admits  air  into  the  smoking  compartment  to  blow  out 
the  smoke.  One  minute  after  this  has  been  done  the  main  smoke 
house  door  may  be  opened. 

The  generator  compartment  contains  the  sawdust  pan  and  gas 
burners.  The  latter  are  so  designed  as  to  give  no  smoke  with  a 
high  heat,  a  heavy  smoke  with  a  low  heat,  or  any  stage  between  these 
two  extremes.  This  is  accomplished  by  having  four  burners — two 
under  the  pan,  and  two  at  the  sides.  The  pan  slides  on  runners  so 
that  it  may  be  conveniently  removed  to  dump  the  ashes.  Angle 
iron  flanges  along  the  sides  of  the  smoke  house  supply  supports  for 
bars  on  which  to  hang  the  meat.  A  strong  wire  screen  is  placed 
over  the  shutters.  This  prevents  meats  from  dropping  upon  the 
shutters  or  into  the  sawdust  pan.  A  thermometer  is  an  important 
adjunct  to  any  smoke  house  where  it  is  desired  to  do  the  best 
work,  and  where  it  is  important  to  turn  out  uniform  goods. 

Cured  meats,  after  being  soaked  to  remove  surplus  salt,  should 
hang  several  hours  until  they  stop  dripping.     The  smoke   house 

TABLE  2.     SMOKING  AND  COOKING  SCHEDULE  FOR  DOMESTIC  SAUSAGE. 

Name  of  Sausage  Smoking Cookixg 

Hr.  Temp.  F.  Hr.            Temp.  F. 

Long  Bologna    3  145-150  V^  160 

Large  Bologna  3  145-150  2  160 

Round  Bologna  2  135-140  ¥2  155 

Bag  Bologna    1  140-145  2  160 

Bologna   in  weasands 4  185  %  155 

Knoblauch  1-11/2  130  ¥2  160 

Leona    Bologna,    long 3  145  %  155 

Leona  Bologna,  large 3  145  2  160 

Frankfurts    2y2-3  130-135  1/10  160 

Vienna  Frankfurts  3  140-145  1/10  160 

High  grade  Frankfurts....  3-3%  150-160  1/10  160 

Tongue  12  65-70  2  200 

Liver     l-iy2  110-120  ¥2  160 

Polish" 3-31/2  150-160  t 

Minced  Ham    3-3y2  135  4  150 

Berlin  Ham    5  130-140  2  170 

Cooked  pressed  Ham 5  130-140  2y2  180 

Cottage  Ham   32  120  t 

Boneless  Ham  48  120  t 

t  Not  cooked. 
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should  then  be  warmed  to  about  115  deg.  fahr.  so  as  to  dry  the  sur- 
face of  the  meats  until  they  have  a  glazed  appearance;  this  will 
require  several  hours  more.  The  outer  or  side  burners  may  be  used 
for  this  purpose  as  they  do  not  heat  the  sawdust  pan.  After  the 
meats  are  thoroughly  dried,  the  burners  under  the  sawdust  pan 
should  be  lighted  (using  hardwood  sawdust)  and  the  temperature, 
allowed  to  rise  gradually  to  118  deg.  fahr.  in  10  or  13  hours.    Sweet 


FIG 


VIEW    OF    TllL    ruKTAllLE    (;.\S    HEATED    SMOKE   HOUSE    WITH 
DOORS   OPEN. 


pickle  meats  should  be  smoked  24  to  36  hours.  The  meats  should 
be  allowed  to  cool  off  thoroughly  with  the  ventilator  open  before 
removing  them  from  the  house.  Meats  should  be  handled  as  little 
as  possible  after  smoking. 

Boiled  hams  should  soak  at  about  165  deg.  fahr.  for  two  hours 
to  remove  surplus  salt ;  they  should  then  be  cooked  for  4  or  5  hours 
at  160  deg.  fahr.  and  allowed  to  cool  in  the  water  in  which  they 
are  cooked  so  as  to  reabsorb  some  of  the  weight  lost  in  cooking. 
They  should  then  hang  until  the  meat  stops  dripping  and  be  dried 
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thoroughly  in  the  smoke  house  ^  at  about  118  deg.  fahr.  before  smok- 
ing. They  should  then  be  smoked  very  lightly.  Hams  shrink  less  if 
cooked  before  smoking  than  if  cooked  afterwards. 

Dried  beef  should  hang  in  the  smoke  house  at  135  deg.  fahr.  for 
24  to  36  hours  to  dry  thoroughly  before  smoking.  Then  the  beef 
should  be  given  a  heavy  smoke  after  which  it  should  be  cooled  and 
allowed  to  hang  for  24  hours  before  handling  if  possible. 

"Puffy"  meats  result  from  smoking  before  the  meat  is  thoroughly 
cured.  In  this  case  decomposition  takes  place  when  the  heat  is  ap- 
plied, and  gases  are  produced  in  the  meats. 


Exhaust 


FuH'BloiVtr 


FIG.    3.      METHOD    OF    DRVIXG    BY    BLOWING    AIR    THROUGH    AIR    HE.\TER 

AND   DRY   ROOM. 


Several  smoke  house  heating  and  generating  equipments  have 
been  designed  specially  to  provide  appliances  which  can  be  adapted 
to  existing  smoke  houses.  In  a  widely  used  class  of  equipments,  a 
plate,  having  holes  about  the  burners  in  it,  is  mounted  on  legs  (not 
fastened  to  the  burners).  Sawdust  is  shovelled  on  to  this  plate  which 
becomes  heated  by  the  blast  burners  beneath  it.  The  burners  are 
similar  to  standard  blast  burners  and  have  hexagonal  heads.  They 
are  mounted  on  a  manifold  and  slightly  staggered.  They  may  be 
operated  either  by  fan  or  positive  pressure  blowers. 

In  operating  this  appliance,  the  burners  which  are  lighted  by  a 
pilot,  heat  the  smoke  house.  After  the  house  has  been  heated  and  the 
meat  is  dried  ofif,  the  sawdust  can  be  shovelled  on  to  the  plate.    The 


*  Drying  may  also  be  accomplished  by  means  of  an  Air  Heater  to  save  time, 
especially  in  the  case  of  large  batches  of  goods.  (See  author's  paper  on  Drying  in 
January,    1917,  Journal,    page    181.) 
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perforations  in  the  latter  allow  the  sawdust  to  burn  evenly.  Ashes 
can  accumulate  at  the  bottom  without  interfering  with  the  operation 
of  the  burners  as  the  appliance  stands  up  off  the  base  and  being 
raised  off  the  floor  the  burners  can  be  seen  in  operation. 

Food  materials  in  which  there  is  only  about  5  to  8  per  cent  of 
water  are  almost  entirely  unaffected  by  bacterial  growth.  An  ex- 
ample of  this  is  seen  in  the  way  nature  preserves  the  germs  in  nuts, 
seeds,  etc.,  which  are  filled  with  material  which  would  otherwise  be 
decomposable  material,  but  which  are  maintained  in  perfect  preser- 
vation due  to  their  dryness.    It  is  common  knowledge  that  such  foods 


Tan- Clover  ?. 


r-IG.     4.       RECIRCULATION    METHOD    OF    CONNECTING    BLOWER    AND    AIR 
HEATER  TO  DRY  ROOM  IN   AVERAGE  INSTALLATION. 


as  eggs  and  milk  are  subject  to  decomposition  after  only  a  short 
time,  yet  by  drying  them  they  will  be  found  to  keep  for  an  almost 
unlimited  time. 

What  applies  to  eggs  or  milk  is  true  of  almost  every  other  food 
such  as  apples,  tomatoes,  grapes,  plums,  cabbage,  spinach,  potatoes, 
etc.  Most  fruits  and  vegetables  contain  quite  a  large  percentage  of 
water.  Tomatoes,,  for  example,  have  about  94  per  cent  water  or  only 
6  per  cent  of  solid  matter.  Potatoes,  moreover,  may  be  dried  for 
preserving  from  say  40  lb.  initial  weight,  down  to  about  o  lb.,  suf- 
ficiently dry  to  store  in  air  tight  containers. 

The  drying  can  be  accomplished  on  a  small  scale  in  one  of  two 
ways.  Either  a  current  of  air  from  a  fan  may  be  blown  on  them 
while  they  rest  on  a  wire  or  fine  wood  screen,  or  they  may  be  placed 
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on  a  cloth  over  a  warm  surface  such  as  a  metal  plate  over  a  steam  or 
hot  water  "bath."  One  important  point  to  bear  in  mind,  however, 
is  that  in  the  latter  case  the  initial  heat  must  not  be  too  high.  If  it  is 
started  from  90  to  110  deg.  fahr.,  it  is  quite  high  enough.  It  will 
cause  the  larger  part  of  the  water  in  the  potatoes  to  be  driven  oflf 
uniformly  throughout  the  product  and  will  prevent  a  dry  "skin" 
forming  on  the  outside  of  the  goods  with  consequent  inability  of 
the  interior  moisture  to  get  out,  which  would  otherwise  occur. 

After  a  time  it  will  be  found  that  the  product  will  become 
"leathery."  When  approaching  this  stage,  the  temperature  may  be 
increased  to  160  deg.  fahr.,  or  even  as  high  as  180  or  200  deg.  fahr. 
This  may  be  done  by  removing  the  cloth  and  allowing  the  product 
to  rest  directly  on  the  metal  plate  over  the  steam. 

When  sufficiently  dried,  the  potatoes,  apples  or  other  goods  may 
be  placed  in  air  tight  packages,  stored  for  future  use.  When  it  is 
desired  to  can  these  dried  foods,  they  should  be  soaked  in  cold 
water  until  they  resume  approximately  their  former  size  and  should 
be  cooked  in  the  same  water  in  which  they  have  been  soaked. 

Summarizing  then,  it  will  be  noted  that  drying  of  vegetables  may 
be  accomplished  in  one  of  two  ways,  viz: — (1)  air  in  motion,  or  (3) 
heat.  However,  when  the  work  is  to  be  carried  out  with  the  greatest 
possible  efficiency  in  large  quantities,  it  will  be  found  best  to  combine 
these  methods,  that  is,  to  dry  by  means  of  heated  air  in  motion. 

In  such  a  case,  the  potatoes,  greens,  or  fruits  should  be  laid  on 
screens  in  a  dry  room  and  the  air  blown  into  the  room  through  an 
air  heater  in  a  manner  such  as. shown  in  Figs.  3  and  4.  It  will  be 
found  best  to  allow  the  blower  to  run  at  a  uniform  speed  through- 
out the  operation  and  to  have  a  highly  flexible  heat  control.  For 
this  purpose  a  gaseous  fuel,  such  as  city  gas  or  producer  gas  is  best. 

The  operation  of  such  an  air  heater  was  described  by  the  author 
in  a  paper  published  in  the  January  Journal  of  the  Society,  page 
181,  and  need  not  be  here  reiterated,  except  to  say  that  it  is  pos- 
sible to  obtain  as  high  an  efficiency  as  95  per  cent  with  such  an 
appliance  and  that  by  means  of  a  heat  recuperation  arrangement,  it 
has  now  become  possible  to  retrieve  almost  all  heat  losses  which 
previously  occurred. 

In  place  of  using  an  ordinary  dry  box  or  dry-rqom  in  conjunction 
with  such  an  air  heater  or  blower,  special  modifications  can  be  em- 
ployed. Such  modifications,  however,  involve  a  particular  design 
for  almost  every  installation  and  a  description  of  each  would  clearly 
be  outside  the  scope  of  the  present  paper.  It  is  hoped,  however, 
that  this  short  discussion  will  be  of  assistance  to  those  who  are 
planning  work  of  this  nature  in  these  present  times  of  stress. 


No.  459 
DRYING  OF  FRUITS  AND  VEGETABLES 

By  Walter  M.  Schwartz,'  Philadelphia,  Pa. 
Non- Member 

ALL  fruits  and  vegetables  contain  a  large  percentage  of  water, 
the  value  of  which  is  not  in  proportion  to  its  volume.  De- 
composition is  due  to  the  presence  and  thriving  of  bacteria, 
which  disintegrates  the  organic  compounds  in  food  products  into 
simpler  compounds,  and  this  disintegration  is  called  decomposition. 
Bacteria  thrive  in  organic  compounds  in  the  presence  of  water  at 
normal  temperature.  The  propagation  of  bacteria  may  be  decreased 
in  several  ways,  namely,  by  an  extremely  high  temperature  or  by  an 
extremely  low  temperature.  A  high  temperature  is  detrimental  to 
organic  compounds,  in  that  heat  breaks  up  these  compounds  and  the 
food  becomes  cooked.  The  bacteria  may  not  be  able  to  thrive  under 
the  high  temperature,  but  the  food  products  no  longer  contain  the 
delicate  organic  compounds  which  are  the  essential  features  of  fresh 
vegetables. 

The  common  way  of  preserving  fruits  and  vegetables  for  a  short 
time,  is  by  refrigeration,  and  the  refrigerator  is  simply  a  method  of 
reducing  the  temperature  to  a  point  where  bacteria  cannot  propagate, 
and  hence  decomposition  cannot  take  place.  The  objection  to  this 
method  is,  that  the  product  remains  wholesome  as  long  as  the  cold 
is  intense  enough,  and  as  long  as  it  is  applied ;  but  upon  removing  the 
products  from  the  refrigerator  and  allowing  them  to  warm  to  normal 
temperatures,  decomposition  immediately  takes  place,  due  to  the 
growth  of  bacteria.  The  problem  then  is  to  find  some  way  in  which 
decomposition  may  be  stopped  for  an  indefinite  time,  and  still  have 
it  possible  for  the  products  to  remain  under  normal  room  conditions. 

Canning  of  fruits  and  vegetables  is  a  method  that  is  generally 
employed  for  preserving,  as  it  keeps  the  air  from  the  product  after 

*  Engineer,    I'liiladelpliia    Textile    Machinery    Co. 

Presented   at  the   Semi-Aiinual   Meeting   of  The   American    Society   of    IIeati.ng  and 
VENTiiATrs-G  Encinkers,  Chicago,  111.,  July,  1917. 

545 


546  Drying  of  Fruits  and  Vegetables 

it  has  been  sterilized.  This  method  has  many  good  features  and  up 
to  the  present  time  was  the  best  method  for  preserving  fruits  and 
vegetables  in  this  country. 

As  stated  previously,  bacteria  thrive  in  the  presence  of  moisture. 
If  this  moisture  can  be  removed  from  the  fruits  and  vegetables 
without  breaking  up  the  organic  compounds,  the  answer  to  the  prob- 
lem of  preserving  fruits  and  vegetables  has  been  satisfactorily 
answered.  One  of  the  most  important  advantages  in  the  method  of 
preserving  fruits  and  vegetables  by  dehydration,  and  which  no 
method  other  than  this  possesses,  is  the  very  material  reduction  in 
the  weight  and  Inilk  of  the  product.  A  reduction  in  the  weight  and 
bulk,  of  course,  means  a  decrease  in  the  cost  of  shipping  from  one 
part  of  the  world  to  another.  The  enormity  of  this  advantage  is 
readily  seen  wdien  we  consider  that  75  to  80  per  cent  of  the  total 
weight  of  sweet  potatoes  is  water,  and  that  40  to  50  per  cent  of  their 
bulk  is  water. 

The  drying  problem,  from  a  chemical  standpoint,  resolves  itself 
into  this,  namely,  to  remove  the  moisture  so  that  only  a  physical 
change  takes  place  and  not  a  chemical  change.  This  was  accomplished 
in  a  primitive  way  on  meats.  The  fresh  meat  was  cut  into  strips  and 
then  smoked  over  a  fire  of  hickory  wood.  Hickory  wood  contains 
creosote,  which  is  a  germicide  and  thus  the  smoking  process  kills  the 
bacteria.  The  smoking  of  hams  is  but  an  evolution  of  this  process. 
Meat  has  also  been  cured  by  drying  in  the  sun  where  the  atmosphere 
was  very  dry ;  this  cannot  be  applied  to  all  fruits  and  vegetables, 
especially  in  a  damp  climate  as  decomposition  would  start  long  before 
all  the  moisture  was  removed. 

Fruits  and  vegetables  cannot  stand  a  high  temperature  as  the 
flavors  and  odors  are  due  to  the  presence  of  organic  compounds 
called  "esters."'  the  salt  of  an  organic  acid  and  an  organic  base. 
These  "esters"  volatilize  at  moderate  temperatures  and  would  pass 
ofif  with  the  moisture.  The  problem  then  resolves  itself  into  remov- 
ing the  moisture  at  a  low  temperature,  so  as  not  to  volatilize  the 
"esters'"  and  without  any  chemical  change  taking  place  in  the 
product ;  also  to  do  this  operation  in  as  short  a  time  as  possible. 
This  is  accomplished  by  the  Proctor  System  of  Drying,  which  con- 
sists essentially  of  moving  a  large  volume  of  air  at  a  low  temperature 
over  and  through  the  products  to  be  dried. 

Exhaustive  tests  have  been  made  recently  on  several  different 
kinds  of  vegetables  in  the  Experimental  Department  of  the  Phila- 
delphia Textile  Machinery  Company,  Philadelphia,  Pa.,  relative  to 
the  temperatures  that  the  different  products  can  stand  without  injury, 
and  the  time  required   for  drying.     The  vegetables  were  properly 
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prepared  and  dried,  so  that  when  they  came  from  the  dryer  they 
were  ready  for  packing.  Samples  of  the  different  products  were 
distributed  and  taken  to  various  homes,  where  they  were  soaked  in 
water  over  night  and  prepared  for  table  use,  and  it  was  found  that 
they  were  equally  as  good  as  fresh  vegetables.  If  a  person  had  not 
known  that  they  were  a  dried  product,  they  could  have  distinguished 
no  difference  between  them  and  fresh  vegetables. 

The  following  approximate  figures  will  give  some  idea  of  the 
saving  in  shipping  these  vegetables  in  the  dried  state,  as  compared 
with  the  cost  of  shipping  in  the  whole  form.  The  basis  of  the 
shipping  rates  were  taken  as  near  as  possible  to  the  present  day 
rates  from  Philadelphia  to  London : 

One  hundred  bushels  of  sweet  potatoes  would  dry  to  approxi- 
mately 55  bushels,  whereby  a  saving  of  $103.00  would  be  realized, 
or  about  45  per  cent  in  the  shipping  cost.  This  means  that  182 
bushels  of  dried  sweet  potatoes  could  be  shipped  for  the  same  price 
that  100  bushels  of  whole  sweet  potatoes  could  be  shipped. 

One  hundred  bushels  of  spinach  as  it  comes  from  the  farm  is 
reduced  to  21.4  bushels  in  bulk  upon  drying.  The  saving  in  ship- 
ment is  approximately  $179.80  per  hundred  bushels  of  whole 
product,  or  a  saving  of  78.5  per  cent.  This  means  that  465  bushels 
of  dried  spinach  could  be  shipped  for  what  it  costs  to  ship  100 
bushels  of  spinach  as  it  comes  from  the  farm. 

One  hundred  bushels  of  red  beets  are  reduced  to  10.8  bushels  in 
bulk.  The  saving  in  shipments  per  hundred  bushels  is  $204.20. 
approximately  89  per  cent ;  that  is,  923  bushels  of  dried  beets  could 
be  shipped  for  what  it  costs  to  ship  100  bushels  of  whole  material. 

One  hundred  crates  of  onions  are  reduced  to  41.7  crates  in  bulk, 
giving  a  saving  of  $112.10,  approximately  58.2  per  cent,  whereby 
240  crates  of  dried  onions  could  be  shipped  for  what  it  costs  to  ship 
100  crates  of  the  whole  product. 

One  hundred  bushels  of  string  beans  are  reduced  to  18.8  bushels  of 
dried  beans,  giving  a  saving  of  $185.80  per  hundred  bushels,  approxi- 
mately 81  per  cent;  or  530  bushels  of  dried  beans  could  be  shipped 
for  what  it  costs  to  ship  100  bushels  of  the  product  as  it  comes  from 
the  farm. 

The  above  figures  show  the  saving  in  shipment  alone  and  not  the 
saving  that  would  be  realized  in  the  labor  required  to  handle  the 
dried  product. 

There  are  two  principal  types  of  machines  for  drying  these 
products.  One  is  known  as  the  three-apron  automatic  type  dryer, 
adaptable  for  handling  large  capacities  of  different  kinds  of  vege- 
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tables.  The  other  is  the  tray  dryer  type,  for  handhng  relatively 
small  quantities  of  the  various  kinds  of  vegetables.  The  three-apron 
type  can  also  be  used  for  handling  all  kinds  of  vegetables,  but  it  is 
more  especially  adapted  for  handling  one  kind  continuously.  In  large 
quantities  we  strongly  recommend  the  three-apron  conveyor  type,  and 
for  smaller  quantities  of  various  kinds  we  recommend  the  tray 
dryer  type. 
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Note. — Mr.  Still,  in  presenting  his  paper,  made  the  following  introductory 
remarks  : 

In  years  gone  by  I  have  done  quite  a  little  experimenting  on 
dehydration ;  some  of  it  has  been  successful  and  some  of  it  has  not. 
It  has  never  been  carried  on  continuously  with  the  idea  of  definitely 
solving  the  problem. 

I  became  interested  in  the  project  through  some  connections  we 
had  in  Japan,  where  they  dry  nearly  everything — silk  cocoons,  fish 
and  nearly  everything  they  have  to  eat.  For  a  long  time  we  had 
quite  a  business  in  dryers  over  there.  Eventually,  after  about  half  a 
dozen  plants  had  been  sold,  we  never  received  any  more  orders. 
The  Japs  got  on  to  how  it  was  done  and  went  ahead  on  their  own 
account.  We  have  also  sold  some  plants  in  China,  but  the  commer- 
cial conditions  have  not  been  favorable  so  that  field  never  developed 
very  much. 

I  have  taken  some  i)eaches  and  other  dehydrated  stuff  which  had 
been  dried  in  the  West — I  believe  Mr.  Edwards  was  responsible,  for 
the  product — and  cooked  it ;  some  of  it  was  two  years  old,  and  I  defy 
anybody  to  tell  whether  or  not  it  was  fresh  when  cooked.  In  fact, 
I  think  it  would  fool  anybody.  A  very  large  part  of  the  vegetables 
and  fruits  we  get  from  the  market  to-day,  particularly  vegetables. 
have  to  lie  around  hours  and  even  days  from  the  time  the  farmer 
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gets  them  out  of  the  ground,  until  he  takes  them  to  the  market,  and 
are  handled  by  the  jobbers  and  carted  from  the  railroad  to  the 
jobber  and  then  to  the  retailer  and  then  to  you  and  finally  you  keep 
them  a  while  before  using  them.  They  are  not  in  the  same  condi- 
tion by  any  means  as  when  the  farmer  took  them  out  of  the  ground, 
all  of  which  can  be  avoided  by  dehydration. 

I  believe  that  with  the  proper  preparation  of  the  dehydrated  arti- 
cle, and  when  the  people  learn  how  to  cook  it,  that  dehydrated  foods 
will  be  more  popular  than  canned  goods.  You  all  know  among  the 
canners  of  this  country  four,  or  probably  six  brands ;  if  you  don't, 
your  wife  does.  She  would  not  buy  any  other  than  one  of  those 
particular  brands  of  canned  goods.  That  same  thing  is  going  to 
stick  in  the  minds  of  almost  every  family  unless  they  are  very  badly, 
pressed  for  something  to  eat.  They  will  eat  anything  if  they  have 
to.  But  in  normal  times  (and  that  is  what  we  must  consider,  because 
the  war  isn't  going  to  last  forever)  what  is  going  to  be  the  ultimate 
result  and  what  incentive  there  will  be  for  the  capitalist  to  invest 
his  money  in  the  business.  None  of  you  gentlemen  here  to-day 
would  draw  your  little  stipend  out  of  the  bank  to  invest  it  in  one 
of  these  propositions  until  it  has  been  further  developed. 

I  want  to  say  a  word  here  about  case  hardening.  You  have  heard 
a  great  deal  about  it.  I  have  had  some  experience  in  drying  many 
things  besides  vegetables  and  will  say  that  case-hardening  is  simply 
the  result  from  allowing  the  temperature  to  rise  too  high  for  the 
rate  of  evaporation. 

Case  hardening  of  anything  you  are  trying  to  dry  can  be  pre- 
vented by  lowering  the  temperature  immediately,  keeping  the  cir- 
culation up  or  increasing  it,  which  has  the  eft'ect  of  increasing  the 
relative  humidity  and  softening  the  outer  surface. 

The  problem  of  recirculation  is  largely  answered  by  what  Mr. 
Edwards  said  a  while  ago ;  if  you  had  a  real  tight  dryer  there  would 
be  no  possibility  of  the  moisture  getting  away  or  any  other  air 
getting  in  than  due  to  the  circulating  medium.  Then  you  would 
find  that  you  would  have  to  circulate  all  fresh  air  through  your 
circulating  medium,  a  fan  or  whatever  it  might  be.  If  you  have  a 
certain  percentage  of  moisture  to  carry  away,  you  must  provide  a 
means  for  carrying  it. 

The  question  of  the  size  of  the  dryer  is  important;  also  the  cost 
of  installation,  cost  of  operation,  space  occupied,  etc.  A  little  outfit 
which  will  dry  from  one  to  two  bushels  a  day  of  ten  hours  con- 
tinuous operation,  would  require  a  dryer  with  about  four  trays 
high,  eighteen  by  twenty- four  inches  square  in  one  cabinet. 
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For  a  thousand  bushels  a  day,  my  recommendation  would  be  a 
continuous  belt  dryer  to  avoid  the  cost  of  labor  to  handle  the  travs 
and  to  keep  them  in  repair. 

Mr.  Gore  spoke  about  a  mechanical  drying  plant  nearly  eighteen 
years  old.  I  know  of  one  located  in  New  Jersey;  they  have  a  dryer 
about  50  ft.  in  length,  o  or  6  ft.  wide  and  nine  belts  high.  A  belt 
dryer  c^n  be  built  for  any  capacity.  I  might  say  that  for  the  drying 
of  1,000  bushels  in  10  hours  would  require  four  compartments  with 
belts  43^  ft.  wide,  50  ft.  in  length  and  seven  belts  high.  It  would 
require  about  1,600  h.  p.  boiler  capacity  to  take  care  of  it;  about  60 
tons  of  coal  to  operate  it. 

The  difficulty  in  this  problem  is  the  tremendous  amount  of  water 
to  evaporate.  Nearly  every  vegetable  or  fruit  you  have  to  deal 
with  contains  anywhere  from  T2  to  94  per  cent  of  moisture ;  as 
Mr.  Gore  said  a  while  ago,  a  rough  and  ready  calculation  on  almost 
any  drying  proposition  is  that  it  requires  about  2  lb.  of  steam  to  1 
lb.  of  evaporation ;  on  the  average,  you  won't  do  very  much  better 
than  that.  If  you  have. a  boiler  plant  that  will  evaporate  8  lb.  of 
water  per  pound  of  coal,  you  can  figure  on  your  coal  consumption 
very  easily  by  this  method  of  calculation. 

I  want  to  mention  another  thing  in  closing.  The  Agriculture 
Department  deserves  the  highest  praise  for  the  activity  it  has  dis- 
played in  arousing  the  people  to  the  need  of  doing  something.  I 
believe  that  the  Department,  from  what  I  saw  in  Washington,  is 
laboring  under  extreme  difficulty  for  want  of  necessary  funds  to 
enable  it  to  go  ahead  on  the  scale  it  should.  I  didn't  ask  any  ques- 
tions about  it,  but  it  looked  that  way  to  me.  I  think  it  is  a  pity. 
I  feel  that  here  is  an  oppoi-tunity  for  us  to  do  some  real  good  by 
urging  a  larger  appropriation  for  the  work. 

All  of  us  who  are  in  position  to  do  so,  should  lend  our  services 
in  every  way  we  can  in  the  furtherance  of  this  important  subject. 

W.  L.  Fleisher  :  Yesterday  a  Committee  was  appointed  to  send 
a  resolution  to  the  War  Department,  relative  to  cantonments.  Really, 
as  far  as  the  food  proposition  is  concerned,  it  is  almost  as  serious 
a  proposition  as  that  of  the  cantonments.  I  think  the  Society  should 
send  a  resolution  to  the  Department  of  Agriculture,  that  money 
should  be  appropriated  for  the  furthering  of  the  investigation  in  the 
dehydration  of  foods. 

The  President:     Will  you  prepare  a  resolution  of  that  sort? 

W.  L.  Fleisher:     Yes. 

W.  D.  Edwards'  :  The  plants  Mr.  Still  referred  to  are  located 
in  Oregon  and  one  out  in  Utah — the  Ever-Fresh  Company  and  the 

nVith  T5.  F.  Stnrtevant  Co.,  Chicago,  III. 
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Ever-Fresh  Food  Products  Company, — "Ever-Fresh"  being  their 
trade  name. 

The  Oregon  plant  started  originally  as  an  old  fan  furnace  proposi- 
tion, using  a  furnace  for  heating  the  air  which  passed  over  the  trays 
upon  which  were  placed  the  various  products  to  be  dried,  the  return 
air  coming  over  the  cooling  coils  and  back  over  the  furnace.  That 
worked  very  nicely  for  about  a  third  of  the  product.  The  other 
two-thirds  either  mildewed  or  scorched. 

The  next  change  that  came  in  was  changing  that  over  to  a  plain, 
ordinary  fan  system.  In  making  the  change,  we  were  fortunate 
enough  to  get  only  large  fans.  The  result  of  this  change  was  that 
we  got  100  per  cent  out  of  what  we  put  in.  We  made  extensive 
tests  on  the  product  and  I  think  it  is  one  thing  that  can  be  accepted 
and  need  not  be  a  subject  of  any  more  argument  that  fruit  and 
vegetables  can  be  dried,  and  can  be  dried  under  such  conditions 
that  it  will  soak  back  to  practically  the  fresh  state. 

Some  of  the  trials  we  made  were  that  of  sending  the  product  to 
the  various  communities,  the  Business  Men's  Club,  or  Commercial 
Club,  to  be  treated  to  a  dinner.  After  the  dinner  was  over  some  of 
the  people  that  were  there  would  advise  the  rest  that  they  had 
been  eating  material  that  was  a  year  or  two  years  old.  They  were 
all  very  much  surprised  and  consequently  very  much  enthused  over 
the  process. 

The  drying  process  was  a  fan  proposition  with  rectangular  trays 
27  by  42  in.  with  galvanized  wire  (about  a  six  mesh)  screens,  the 
material  spread  on  that  roughly  at  about  a  pound  of  prepared 
material  to  a  square  foot  of  tray.  The  time  it  takes  to  dry  down 
runs  from  possibly  3  hours  with  the  ordinary  vegetables  to  12  hours 
with  pumpkin  up  to  prunes  and  peaches  which  used  to  take  about 
24  hours. 

The  plants  had  28  compartments  with  about  14  trays  to  a  com- 
partment. Afterwards  we  had  80  compartments  with  20  trays — 
that  is,  a  1 .600  tray  plant.  When  a  plant  gets  to  that  size,  I  believe 
Mr.  Still  is  on  the  right  track  when  he  advocates  a  belt  dryer.  With 
1,600  trays,  changing  them  every  three  hours,  is  cjuite  a  problem. 

There  is  one  thing  we  thought  we  found  out,  and  I  have  had  no 
reason  to  change  my  mind,  and  that  is  the  fact  that  in  getting  veg- 
etables to  dry  so  that  they  will  come  back  to  their  original  fresh 
state,  we  found  that  it  is  absolutely  necessary  to  cook  them  before- 
hand. 

Mr.  Gore  has  a  product  here  that  was  not  cooked  before  drying; 
I  think  Mr.  Gore  also  dried  it  without  heat.  That  may  be  the  reason 
that  dried  under  low  temperature,  it  is  not  necessary  to  cook  them. 
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But  I  think  if  yott  try  to  dry  vegetables  by  heated  air,  in  order  to 
get  an  increased  time  of  dry,  you  may  find  it  necessary  to  cook 
them. 

Xow  the  term  "dehydrated"  is  very  unfortunate  to  use  in  con- 
nection with  this  for  the  reason  that  a  number  of  years  ago  there 
was  a  food  product  put  on  the  market  under  the  name  of  "Dehy- 
drated Food."  I  think  it  was  in  1906  when  the  battleship  fleet  went 
around  the  Horn.  If  anybody  had  the  nerve  to  ask  any  of  the  men 
on  the  ship  how  they  liked  dehydrated  food,  I  think  he  would  go 
overboard.  It  all  had  that  universal  woody  taste — it  did  not  come 
back  as  it  should.  I  think  it  was  made  by  someone  who  did  not 
understand  the  conditions  of  drj'ing. 

However,  as  I  say,  it  can  be  dried  and  dried  right.  I  think  the 
cooking  is  necessary.  We  had  a  steam  compartment  and  we  placed 
the  trays  in  there.  These  trays  were  spaced  about  3  to  3^^^  in.,  with 
a  circulation  of  air  over  all  trays,  in  the  drying  compartment,  but  in 
the  steam  box  we  put  the  trays  in  at  about  3  in.  centers  and  put  it 
imder  steam  pressure  of  2  lb.  for  from  5  to  10  minutes,  taking  the 
trays  on  a  truck  and  putting  them  in  the  dryers. 

One  thing  that  gave  us  a  whole  lot  of  trouble  was  due  to  the  fact 
that  you  can  dry  all  of  this  material  and  it  comes  back  in  such  a 
spectacular  way,  that  the  tendency  is  for  a  commercial  plant  to  try 
anrl  dry  and  market  too  many  kinds  of  product. 

\\'e  used  a  deodorized  asphalt  container  with  a  tin  top  and  bot- 
tom. Then  we  started  out  to  sell  it,  with  fair  results.  I  believe  that 
the  domestic  market  is  about  the  last  market  that  should  be  tried 
in  starting  a  commercial  dryer.  I  think  such  markets  as  the  restau- 
rants, public  institutions,  hotels,  etc.,  can  be  readily  brought  to  see 
that  money  can  be  saved  by  using  the  dehydrated  stufif  and  that  they 
will  prove  to  be  the  best  customers  for  a  commercial  plant. 

Xow  as  regards  the  financial  outlook  for  investing  in  a  plant,  if 
you  take  any  of  the  perishable  food  in  the  can  and  weigh  up  the 
amount  you  buy  in  a  can  and  compute  the  cost  of  the  same,  you 
will  find  that  it  is  very  high.  At  one  time  I  took  squash  or  pumpkin, 
and  it  figured  up  $114  a  ton  for  that  material  as  you  buy  it  in  the 
can.  From  $8  to  $10  a  ton  is  all  the  farmer  hopes  to  get  for  squash 
and  pumpkin. 

The  money  in  the  dehydrated  product  is  not  in  selling  equipment 
but  in  operating  a  plant.  This  comes  from  the  fact  that  you  can  put 
in  this  market  equally  as  good  dried  material  as  the  canned  vegetable 
at  about  half  the  cost  of  canned  stufif  and  still  leave  a  very  good 
manufacturing  profit.  So,  I  believe  that  a  drying  plant  operated  as 
a  plain,  cold-blooded  business  proposition  with  the-  proper  business 
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men  in  control,  can  make  a  large  profit  upon  the  investment. 

One  of  the  difficulties  under  which  the  dehydrating  work  has 
labored  has  been  the  so-called  "process  rights."  Air.  Gore  made  it 
very  clear  that  there  was  no  basic  patent  which  controlled  any  of 
this.  It  is  nothing  but  the  plain  adaptation  of  engineering  to  drying 
food  products.  Persons  who  have  discovered  that  things  can  be 
dried  have  thought  that  they  made  a  world-revolutionizing  discovery. 
But  community  did  not  see  why  they  should  put  up  all  the  money 
and  not  have  control  of  the  plant,  and  that  has  generally  been  a 
handicap  which  was  pretty  hard  to  overcome. 

As  far  as  the  cost  of  operation  is  concerned,  in  a  general  way  I 
think  you  can  count  on  the  raw  material  running  80  per  cent  and 
the  fuel,  labor  and  drying  cost  is  about  20  per  cent.  Going  into  the 
canning  industry,  you  find  the  reverse  is  true.  You  will  find  there 
is  only  about  20  per  cent  material  and  the  rest  is  cans  and  labor. 

There  is  one  thing  that  is  very  serious  which  has  not  been  touched 
on  as  yet,  and  is  fully  as  important  as  being  able  to  dry  successfully  ; 
that  is  the  preparation  of  the  product.  It  all  has  to  be  brought  in, 
and  it  must  be  stored  in  the  first  place'  so  as  to  get  a  steady  run  of 
raw  material ;  then  it  has  to  be  put  up  in  bins,  into  conveyors,  and 
then  with  the  vegetables,  they  must  be  peeled,  cut  up  and  gotten 
into  the  dryers. 

The  reason  you  see  such  a  very  fine  grade  of  product  made  in 
the  laboratory  is  due  to  the  fact  that  on  a  laboratory  scale  they 
can  take  the  time  to  cut  it  up  properly  but  when  you  are  handling 
100  or  200  or  300  bushels  of  raw  material  in  a  day  you've  got  to 
cut  it  in  a  sort  of  catch-as-catch-can  manner. 

Many  vegetables  have  to  be  peeled  before  cutting  up.  The 
mechanical  peeler  seems  to  meet  the  approval  of  most  people.  This 
peeler  will  peel  about  half  a  bushel  of  potatoes  or  onions  or  carrots 
in  about  a  minute  and  a  half.  I  believe  under  the  best  conditions, 
the  vegetables  will  lose  about  11  per  cent,  while  with  hand  peeling 
it  would  probably  run  25  or  30  per  cent.  As  a  general  thing  your 
preparation  loss  would  be  about  20  per  cent. 

The  other  element  is  how  much  dry  product  you  get  from  a 
given  amount  of  raw  material.  That  varies  a  whole  lot,  and  there 
doesn't  seem  to  be  any  definite  way  of  getting  at  it.  For  instance, 
parsnips  and  carrots  both  contain  about  the  same  quantity  of  water ; 
a  carrot  will  go  down  about  ]0  or  12  to  1  and  a  parsnip  8  to  1. 
Celery  goes  down  16  to  1.     It  will  vary  all  up  and  down  the  line. 

So,  in  going  into  drying,  there  is  a  certain  amount  of  information 
that  you  are  obliged  to  have.  I  think  the  main  part  is  how  much 
you  can  spread  on  a  tray,  what  your  preparations  are,  costs  of  raw 
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material,  and  how  much  dry  produce  you  can  get  out  of  it.  Also 
the  time  of  drying,  which  varies  from  2  or  3  hours  to  (as  I  said 
before)    12  hours. 

On  the  question  of  sale  of  product,  I  think  the  best  w^ay  to  dis- 
pose of  the  dry  product  is  in  the  form  of  a  soup  mixture.  That 
seems  to  be  especially  palatable ;  everybody  seems  to  like  it.  The 
Ever-Fresh  Company  got  out  a  soup  mixture  which  they  sold  at 
the  rate  of  two  ounces  for  10  cents,  making  ten  plates  of  soup  or 
soup  at  a  cent  a  plate.  That  is  cheap  enough  and  it  is  at  the  rate 
of  80  cents  a  pound.  They  finally,  however,  brought  the  price 
down  to  retailers  50  cents  a  pound,  and  wholesalers  thirty  cents  a 
pound.  A  fair  estimate  of  the  cost  for  material  and  labor  would  be 
from  12}^  to  15  cents  per  day  for  the  product,  not  including  packing 
for  overhead. 

It  can  readily  be  seen  that  there  is  some  profit  to  the  manufac- 
turer of  that  product.  While  the  home  dryer  is  one  proposition, 
the  community  dryer  is  another.  I  think  that  in  the  community 
dryer  there  must  be  a  plant  large  enough  so  that  the  overhead  won't 
eat  up  all  the  profit,  and  to  be  successful  it  has  to  be  treated  as  a 
plain  manufacturing  proposition  and  has  to  be  run  by  a  good  man, 
a  man  that  understands  drying  and  is  a  business  man  w-ho  can  dry 
all  the  product. 

Now  the  farmer  comes  in  in  a  rather  peculiar  way  on  that ;  in 
some  of  the  plants  a  few  of  the  farmers  were  stockholders.  There 
is  one  dryer  in  Chicago  that  claims  to  take  a  poor  grade  of  product 
and  dry  it  and  make  it  a  good  grade  of  product.  We  can't  do  that. 
If  a  good  grade  of  raw  material  is  dried  down,  it  will  come  back 
a  good  grade.  So  it  is  advisable  not  to  take  inferior  produce.  By 
inferior,  I  don't  mean  second  grade,  or  that  which  is  in  such  a  shape 
that  while  its  quality  is  all  right  it  may  be  undersized  or  oversized. 
That  can  be  handled  all  right,  but  the  farmer  likes  to  come  in  and 
get  rid  of  any  thing  he  has  to  the  drying  man. 

The  man  running  the  dryer  objects  to  taking  this  second  grade. 
or  bad  produce  as  you  might  call  it.  Then  if  the  farmer  has  SIO 
worth  of  stock  in  that  company  he  is  going  to  make  him  take  it. 
So,  if  possible,  keep  the  small  farmer  stockholder  out  of  it,  because 
he  is  the  one  to  turn  in  all  kinds  of  produce  that  he  can't  sell 
anybody  else. 

H.  M.  H.^RT  :  The  question  of  time  it  seems  to  me  would  bear 
directlv  on  the  question  of  temperature,  air  movement  and  relative 
humidity.     Isn't  that  so? 
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W.  D.  Edwards  :  No  ;  each  food  seems  to  have  a  property  of 
its  own.  For  instance,  anything  that  has  a  particularly  high  rate 
of  sugar  takes  longer.  A  carrot  will  dry  in  about  3  hours,  while  it 
takes  13  for  a  pumpkin  and  24  sometimes  for  a  peach. 

There  is  one  other  thing  I  want  to  say  in  connection  with  this 
drying,  which  I  think  is  very  serious.  I  believe  everybody  is 
going  into  the  drying  game,  and  that  there  is  going  to  be  all  kinds 
of  products  on  the  market.  And  I  am  optimistic  one  way  in  this, 
because  I  believe  that  if  they  are  all  in  the  drying  game,  to  those 
who  wish  to  go  into  it  as  a  business,  it  will  be  worth  a  million  dollars 
spent  in  advertising  under  normal  times ;  but  at  the  same  time,  if 
there  is  lots  of  product  put  out  as  dehydrated  food  which  is  not  up 
to  grade,  it  will  give  the  process  a  black  eye  from  which  it  will  be 
very  hard  to  recover.  I  think  there  should  be  some  check  as  to  the 
product  (particularly  if  any  of  the  engineers  are  going  to  get  out 
drying  plants)  instead  of  getting  plants  out  in  the  cheapest  kind  of 
a  way.  If  a  product  doesn't  taste  like  the  fresh  article,  it  would 
give  the  dehydrated  product  a  bad  name. 

H.  M.  Hart:  The  point  that  I  wanted  to  bring  out  was:  Isn't 
it  true  fhat  with  each  particular  vegetable  or  fruit  that  you  arc 
drying,  you  have  to  test  and  establish  by  experiment  the  proper 
rate  of  drying  to  get  the  best  results  under  varying  conditions?  In 
some  types  of  lumber,  they  want  it  dried  for  a  long  period  under  a 
high  relative  humidity,  and  other  types  can  be  dried  rapidly  with 
a  low  relative  humidity.  Does  that  same  thing  not  apply  to  fruits 
and  vegetables? 

W.  D.  Edwards  :  Further  investigations  might  work  out  along 
those  lines  but  we  have  found  that  taking  about  a  40  per  cent  humid- 
ity and  roughly,  140  deg.,  the  material  all  comes  out  good  but  it 
takes  a  longer  time  for  one  than  the  other;  of  course  there  are 
peaches  with  a  good  deal  of  sugar  where  you  drop  to  a  low  temper- 
ature 

Now  by  changing  and  experimenting  as  to  each  grade  you  might 
find  that  raising  or  lowering  the  temperature  or  humidity  would 
hurry  the  speed  of  drying  and  still  get  a  better  grade  of  product. 
But  the  proposition  in  a  compartment  dryer  which  is  necessary  for 
the  small  community,  is  that  you  may  have  a  half  dozen  different 
grades  of  product  in  it  and  you  let  your  drying  condition  practically 
run  steady  and  take  the  product  out  when  it  is  dry.  You  may  have 
one  compartment  drying  in  three  hours  and  another  compartment 
with  pumpkin  drying  in  I'i  hours,  but  for  a  large  manufacturing 
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proposition,  I  think  the  belt  dryer,  which  cuts  down  the  labor  is  the 
type  to  be  used. 

H.  M.  Hart:  What  velocity  of  air  movement  do  you  try  to 
maintain  at  a  temperature  of  140  deg.  and  40  per  cent  humidity? 

W.  D.  Edwards:  I  figure  about  50  per  cent  moisture-absorbing 
power.  I  think  that  some  of  the  circulars  of  the  Sturtevant  dryer 
which  is  an  off-shoot  of  the  experience  of  those  two  western  dryers, 
may  give  you  some  information  on  that.  I  know  a  large  volume  of 
air  has  to  be  used. 

Another  thing — we  started  out  with  the  rectangular  trays ;  we 
took  the  air  along  distributing  ducts  at  the  top  and  returned  it  at 
the  bottom.  The  compartments,  I  think,  had  16  in.  spaces  between 
them,  and  were  arranged  so  the  air  coming  from  the  top  passed  over 
the  trays'  and  down  to  the  bottom.. 

Here,  Ave  found  trouble.  Some  of  the  top  and  bottom  trays 
didn't  get  the  circulation  of  air.  In  the  case  of  drying  pears  they 
did  not  have  the  velocity  of  air  directly  over  the  pear  and  the  pear 
would  turn  black. 

Later  on,  I  used  a  round  tray  and  I  was  enabled  to  turn  the  trays 
every  15  or  20  minutes.  A  round  tray  stands  in  the  rack  a  great 
deal  better  and  doesn't  break  by  rough  usage. 

H.  M.  Hart  ;  \\'ith  a  belt  dryer  do  you  attempt  to  have  the  air 
travel  the  same  direction  as  the  belt  or  across  the  belt? 

W.  D.  Edward.s  :  Most  of  the  dryers  that  have  been  built  have 
been  the  tray  dryers.  Of  course  the  belt  dryer  is  a  commercial 
article.  If  T  was  getting  one  out.  I  would  travel  down  and  back 
with  the  belt. 

H.  M.  Hart  :  Wouldn't  it  be  better  too  for  the  air  to  travel 
across  the  belt,  distributing  over  the  entire  length  so  as  to  get  uni- 
form conditions  of  temperature  and  relative  humidity  at  all  points? 

W.  D.  Edwards  :  No,  I  don't  think  that  is  necessary.  I  think 
the  ideal  combination  that  I  have  had  in  mind,  is  when  the  mate- 
rial has  reached  about  a  three-quarter  dry  state,  to  cut  down  in 
humidity  rather  than  increase  it. 

H.  M.  Hart:  Yes,  but  incoming  air  comes  over  the  product  the 
last  thing. 

W.  D.  Edwards  :  A  motion  of  air  will  allow  higher  tempera- 
tures than  if  you  attempt  still  drying.  The  product  acts  as  a  wet 
bulb.  I  have  dried  cocoanut  at  160  deg.  with  a  rapid  revolution  of 
air,  and  brought  it  out  perfectly  white  without  a  sign  of  burning, 
and  removed  everv  bit  of  its  moisture. 
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To  attempt  to  use  that  under  what  we  would  call  still  radiation 
or  natural  draft,  you  would  have  burned  the  product  and  instead 
of  taking  2y2  hours  it  would  probably  have  taken  you  more  than 
123^  hours.  So  that  bears  a  very  important  part  in  all  drying 
operations.  While  the  laboratory  might  show  that  a  certain  product 
will  stand  only  that  temperature  that  wouldn't  indicate  that  the 
temperature  of  the  dry  house  must  be  there,  because  the  product 
wouldn't  be,  under  evaporation,  anywheres  near  the  temperature  of 
the  dry  house. 

In  a  pulp  test  I  found  that  with  the  type  of  dryer  mentioned  by 
]\Ir.  Schwartz  in  the  Philadelphia  textile  dryer,  after  10  hours  of 
drying  it  was  but  140  inside,  notwithstanding  the  270  outside.  That 
was  a  big  2^2  in.  insulating  pulp  for  refrigerating  pumps.  After  20 
hours,  with  the  same  temperature  in  the  dryer,  it  w^as  s.till  lower. 
I  used  a  little  tube  thermometer  of  420  deg.  range  to  put  inside,  and 
at  24  hours  the  product  was  dry,  the  same  temperature  inside  and 
outside.  So,  in  quoting  temperatures,  remember  you  won't  spoil  the 
product  if  that  variation  occurs. 

Gerald  A.  Though  (written )  :  The  many  interesting  papers  on 
the  subject  of  drying  fruits  and  vegetables,  and  other  products  and 
materials  by  means  of  a  hot  air  current,  prompts  me  to  submit  a 
statement  on  the  drying  of  liquids  by  the  same  agency. 

Broadly  speaking  evaporation  may  be  divided  into  two  classes : 
One — the  extraction  or  dissipation  of  the  liquid  content  of  solids, 
and,  two — the  recovery  of  the  solid  content  of  liquids. 

In  the  drying  of  vegetables  and  fruits,  I  note  that  it  is  common 
practice  to  shred  or  slice  them  very  thin  so  as  to  expose  as  great  a 
surface  as  possible  to  the  drying  action  of  the  heat,  the  main 
advantages  of  which  are  uniformity  of  drying  and  economy  of 
energy. 

The  same  practice  may  be  applied  to  the  drying  of  liquids  with  a 
similar  saving  in  the  coal  pile  and  a  like  uniformity  of  drying.  Split 
the  Hquid  up  into  fine  particles  and  pass  a  hot  air  current  through  it. 

This  is  not  new.  There  have  been  many  methods  devised  for  the 
evaporation  of  liquids  by  atomization — subjecting  the  atomized  fluid 
to  the  action  of  heat  in  various  ways.  A  search  through  the 
records  of  the  Patent  Office  reveals  the  application  of  this  prin- 
ciple over  fifty  years  ago.  Its  adaption  commercially,  however,  has 
only  been  accomplished  within  comparatively  recent  years. 

The  earlier  types  of  spray  evaporators  were  expensive  and  unsat- 
isfactory in  operating.  They  failed  to  employ  the  correlative  physical 
forces  and  constructional  methods  necessary  to  commercial  success. 
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This  is  also  true  of  many  of  the  more  recent  types. 

I  will  not  attempt  a  description  or  criticism  of  the  several  types 
of  spray  evaporators  now  used  as  I  will  perhaps  be  considered 
prejudiced  in  favor  of  my  own  method.  It  is  surprising,  however, 
how  many  engineers  who  should  know  better,  are  inclined  to  put 
all  spray  evaporators  in  the  same  class  and  condemn  them  all  through 
the  failures  of  the  weakest.  They  see  the  same  central  principle  in 
all  but  fail  to  grasp  the  import  of  the  widely  different  correlative 
forces  employed.  It  would  be  no  less  foolish  to  put  all  internal  com- 
bustion engines  on  the  same  plane. 

I  stress  this  point  because  evaporation,  in  its  commercial  aspect, 
is  mainly  a  question  of  the  coal  pile,  and  for  economy  of  opera- 
tion certain  fundamentals  must  be  observed,  Avhich  were  apparently 
unknown  to  the  earlier  experimenters. 

The  spray  method  of  drying  liquids  oft'ers  its  greatest  advantages 
as  a  final  step  in  drying  fluids  which  have  previously  been  condensed 
in  the  vacuum  pan  or  by  other  means  to  a  density  of  3.5  to  50 
per  cent  solid  content.  More  or  less  entrainment  of  the  light,  floc- 
culent  particles  occurs,  passing  out  of  the  drying  chamber  wuth  the 
efifluent  in  the  form  of  a  fine  dust,  the  recovery  of  which  is  accom- 
plished by  well  known  methods  of  dust  collection. 

Any  product  contained  in  solution,  suspension  or  emulsion  may 
be  evaporated  by  this  means  to  a  fine,  dry,  flour-like  product,  and 
many  materials  that  cannot  be  satisfactorily  dried  by  other  means 
may  be  evaporated  by  the  spray  system  with  entire  success. 

Such  substances  as  milk,  eggs,  malt  extract  and  delicate  chem- 
icals may  be  reduced  in  this  way  to  their  solid  constituents,  at  high 
temperatures  without  injurious  effect. 

The  distinct  advantages  of  this  method  of  evaporation  are : 

1.  Low  cost  of  installation; 

2.  Quick  construction  ; 

3.  Low  cost  of  upkeep  ; 

4.  Longer  life  of  apparatus ; 
o.     Easy  to  clean  and  adjust ; 

6.  Low  cost  of  operation  ; 

7.  Less  expert  and  fewer  workmen  required ; 

8.  Finished  product  obtained  instantaneously  in  one  operation  ; 
d.  No  contact  with  hot  metal  surfaces ; 

10.  No  scorching  or  chemical  change  of  product : 

n.  Product  more  soluble  and  uniform; 

12.  Light  construction  and  ease  of  transport  permits  location  at 
source  of  raw  supply — a  frequent  impossibility  with  the  cum- 
bersome vacuum  machinery. 
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The  President:  Mr.  Fleisher  will  now  present  liis  resolution  to 
be  sent  to  the  Department  of  Agriculture. 

W.  L.  Fleisher  :     I  desire  to  submit  the  following : 

We,  the  members  of  The  American  Society  of  Heating  and  Ventilating 
Engineers,  in  convention  assembled,  realizing  the  importance  of  the  preserva- 
tion of  food  and  feeling  that  dehydration  is  one  of  the  essential  as  well  as 
economical  means  of  preservation  and  conservation  of  perishable  food ; 

Considering  also  that  no  market  exists  for  dried  vegetables  and  fruits 
so  that  it  is  impossible  for  private  individuals  at  the  present  time  to  develop 
this  industry  without  serious  loss,  we  feel  that  the  Department  of  Agriculture 
should  lend  its  financial  assistance  to  the  furthering  of  this  process  and  the 
educating  of  the  public  in  its  benefits  and  use,  when  it  will  undoubtedly 
create  a  demand  that  will  make  its  development  commercially  feasible; 

And  we  would  recommend  that  demonstration  establishments  be  erected 
and  operated  at  various  producing  or  rnarket  sections  for  the  purpose ; 

And  we  hereby  offer  our  engineering  assistance  in  the  development  of 
this  work. 

A  motion  was  made  to  adopt  this  resolution,  which  was  seconded, 
and  carried. 

F.  R.  Still  :  I  move  that  a  rising  vote  of  thanks  be  extended  to 
H.  C.  Gore  for  being  present  here  to-day,  for  the  presentation 
of  the  samples  that  he  has  brought  from  the  Dept.  of  Agriculture, 
and  that  the  thanks  of  the  Society  are  also  due  him  for  the  splendid 
work  he  is  doing  in  bringing  this  matter  before  the  public. 

This  motion  was  seconded  and  carried. 


No.  460 
MECHANICAL  CURING  OF  ALFALFA 

By  E.  M.  Bassler.i  Milwaukee,  Wis. 
Non-Member 

MECH.VNICAL  curing  of  alfalfa  is  accomplished  in  an  ex- 
ceedingly simple  and  comparatively  inexpensive  manner ; 
simple,  because  no  preliminary  preparation  of  the  substance 
is  required ;  inexpensive,  because  the  entire  cost  of  the  drying  opera- 
tion, including  the  cost  of  grinding,  is  less  than  the  cost  of  baling 
ordinary  field-cured  alfalfa. 

The  apparatus  used  consists  of  a  long  sheet  metal  cover  approxi- 
mately 200  ft.  in  length,  10  ft.  in  width  and  10  ft.  in  height,  with  an 
extension  on  each  end  20  ft.  in  length  to  receive  and  discharge  the 
product.  The  tunnel  is  fitted  with  a  conveyor,  which  is  operated  by 
a  variable  speed  controller,  permitting  a  range  of  speed  of  from 
1  ft.  per  minute  to  10  ft.  This  speed  variation  is  quite  necessary 
because  of  the  varying  amount  of  moisture  contained  in  the  green 
alfalfa  as  it  comes  from  the  field.  It  is  also  necessary  to  vary  the 
depth  of  the  product  on  the  conveyor ;  oftentimes  during  a  rainstorm 
the  depth  cannot  exceed  18  in.,  while  in  pleasant  weather  a  depth 
of  .3  ft.  to  42  in.  is  obtained. 

Green  alfalfa  varies  in  its  moisture  content  40  to  78  per  cent. 
Inasmuch  as  the  speed  of  the  conveyor,  depth  of  the  alfalfa  on  the 
conveyor,  temperature  of  the  air  and  volume  of  the  air,  can  be 
varied,  every  condition  is  thereby  obtained  to  enable  one  to  take 
care  of  any  conditions  prevailing  during  the  harvest  season.  In 
consequence,  the  finished  product  is  always  uniform  as  to  color 
and  protein  content.  This  protein  content  averages  40  per  cent 
higher  than  in  the  field  dried  product.  Therefore,  the  mechanical 
dried  product  commands  a  higher  price  on  this  account. 

The  heat  is  supplied  from  a  boiler  plant  connected  to  a  standard 
hot   blast   apparatus,   consisting  of    steam   coils   and   a   large   fan, 
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driven  by  an  engine.  Fresh  air  is  taken  from  outside,  drawn 
through  the  outgoing  dried  product,  thereby  cooHng  it  and  raising 
the  temperature  of  this  air  several  degrees.  It  then  passes  to  the 
fan  and  over  the  coils  where  a  final  temperature  up  to  380  deg.  is 
given  this  volume  of  air.  It  then  passes  to  the  tunnel  and  is  driven 
through  the  hay  alternately  from  top  to  bottom  six  times  and 
finally  emerges  at  the  point  where  the  green  hay  is  fed  in  practi- 
cally saturated.  The  temperature  drop  from  the  hot  end  to  the 
point  where  it  is  discharged  from  the  dryer  is  approximately 
IGO  deg. 

This  type  of  dryer  is  now  used  for  curing  hay,  grain,  hemp  and 
root  crops,  and  will  be  made  use  of  for  drying  fruits.  The  most 
economical  size  seems  to  be  one  which  will  evaporate  10,000  lb.  of 
water  per  hour  from  the  green  product.  Three  men  can  operate 
a  plant  of  this  size  and  a  smaller  one  would  still  require  the  same 
amount  of  labor.  The  writer  spent  the  past  two  seasons  observing 
operation  of  plants  located  in  different  sections  of  the  country  and 
is  convinced  of  the  practicability  of  curing  farm  products  in  a 
mechanical  way.  It  requires,  however,  a  large  acreage  to  make  it  a 
paying  investment.  In  consequence,  the  number  of  plants  will 
never  be  very  great  unless  the  farmer  makes  use  of  them  as  com- 
munity affairs,  much  the  same  as  creameries  are  now  conducted. 

In  drying  alfalfa  in  a  plant  of  this  kind,  the  writer  has  evaporat- 
ed 9800  lb.  of  water  per  hour  with  a  steam  consumption  of  8400  lb. 
per  hour.  The  total  cost  of  producing  a  ton  of  pea  green  alfalfa 
taken  direct  from  the  field  carrying  69  per  cent  of  moisture,  evapo- 
rated down  to  11  per* cent  in  the  finished  product,  was  83  cents  per 
ton  based  on  coal  at  $4.25  per  ton  delivered.  These  plants  were 
designed  by  the  writer. 

DISCUSSION 
H.  R.  M.\STERS :     How  is  the  air  drawn  through  the  alfalfa? 

E.  Worthing^  :  The  alfalfa  comes  on  to  this  traveling  apron  di- 
rect from  the  mower  just  as  it  is  cut,  that  is,  without  sun  curing.  It 
travels  through  the  length  of  this  dryer,  coming  out  at  the  dry  end 
thoroughly  cured,  going  direct  to  the  grinder.  The  fan  and  heater 
is  placed  at  the  side  of  the  dry  or  unloading  end,  and  the  air  from 
the  fan  is  passed  over  the  dried  alfalfa,  cooling  it,  and  of  course, 
raising  the  temperature  of  the  incoming  air.  The  air  is  made  to  pass 
through  the  alfalfa,  by  means  of  baffles,  several  times  during  its 
travel  from  loading  to  unloading  end. 

'President,   Bav'ev  Manufacturing  Co.,  Milwaukee. 
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Jas.  H.  Davis:     How  long  does  it  travel? 
E.  Worthing:    The  tunnel  is  120  ft.  long. 

Jas.  H.  Davis  :  How  does  this  cost  per  ton  compare  with  the  Gov- 
ernment methods? 

E.  Worthing:  I  really  don't  know.  These  are  dryers  that 
are  in  operation  in  Kansas  and  this  is  what  they  have  found  in 
operation  there.  They  have  two  of  these  dryers  in  one  plant  there 
and  they  have  one  in  the  South ;  this  fuel  consumption  is  the  result 
of  what  is  found  in  those  three  plants. 

H.  C.  Gore  :     What  does  a  plant  like  that  cost  ? 

E.  Worthing:  We  got  nine  thousand  dollars  for  one  built 
on  this  plan.  This  fan  is  run  with  an  engine  and  we  use  the  exhaust 
steam  from  the  engine  in  drying  it. 

H.  R.  Masters  :     Is  there  no  duct  at  all  ? 

E.  Worthing  :  This  tunnel  is  made  of  sheets.  It  is  a  tunnel, 
and  the  duct  is  under  the  apron.  We  have  a  speed  control  device  and 
if  the  alfalfa  is  light  and  moisture  content  is  low,  we  run  it  one 
speed;  if  it  rains  and  the  alfalfa  is  wet,  we  run  it  another  speed. 
We  just  pull  a  lever  to  change  the  speed  of  travel,  from  one  to  ten 
feet. 

H.  M.  Hart  :  How  do  you  determine  the  proper  amount  of 
drying?  That  is,  how  do  you  test  it  to  tell  when  you  are  getting 
the  proper  drying? 

E.  Worthing:  If  it  won't  grind  properly,  it  isn't  thoroughly 
dry.  You  must  understand,  this  alfalfa  goes  directly  to  a  grinder — 
it  isn't  baled  any  more ;  they  grind  it  right  into  a  meal. 

H.  M.  Hart:     What  do  they  do  with  it? 

E.  Worthing  :     They  put  it  in  bags  and  store  it. 

H.  M.  Hart:     Doesn't  it  pick  up  moisture  then? 

E.  Worthing  :     Not  much  in  Kansas. 

H.  M.  Hart:  In  arriving  at  this  basis  here,  did  you  have  a 
means  of  weighing  this  alfalfa  before  it  was  fed  and  then  after  it 
was  turned  out? 

E.  Worthing:  Yes,  with  this  first  dryer;  it  was  sold  under  a 
guarantee  to  dry  it  down  to  a  certain  percentage  of  moisture  and 
with   a  certain   amount  of   fuel.     One  of  the  concerns  out   there 


Discussion  of  Mechanical  Curing  of  Alfalfa  565 

expects  to  use  ten  of  those  dryers;  one  dryer  takes  care  of  1,000 
acres,  and  they  have  10.000  acres  of  alfalfa. 

We  have  dried  marsh  hay,  dried  clover,  ordinary  medium  clover, 
and  sweet  clover.  We  see  no  reason  why  we  can't  take  oats  when 
they  are  full  and  before  they  have  dried  on  the  stalk,  and  grind 
them  like  you  do  here  and  have  meal.  We  have  here  some  alfalfa 
in  a  can  which  we  have  had  two  years  and  it  is  just  as  sweet  to-day 
as  the  day  it  was  put  there. 

R.  CoLLAMORE  (written)  :  According  to  the  last  paragraph  of 
the  paper,  alfalfa  containing  69  per  cent  moisture  is  dried  down 
to  11  per  cent  and  that  from  this  alfalfa  has  been  evaporated  9800 
lb.  of  moisture  per  hour  at  a  cost  of  83c  per  ton,  based  on  coal 
costing  $4.25  per  ton  d^ivered,  and  that  this  amount  of  moisture 
was  evaporated  by  the  condensation  of  only  8400  lb.  of  steam  per 
hour. 

In  this  same  paper,  it  is  further  stated  that  the  final  temperature 
of  the  air  as  it  leaves  the  heating  coils  is  280  deg.  and  that  the  drop 
in  temperature,  after  the  air  has  passed  through  the  dryer  is  approxi- 
mately 160  deg. 

From  this  information,  we  can  readily  determine  that  by  evaporat- 
ing 9800  lb.  of  water  per  hour,  the  green  weight  must  be  15,028  lb. ; 
the  total  amount  of  water  to  be  evaporated  10,368  lb.;  amount  of 
water  retained  in  the  alfalfa  as  being  568  lb. ;  the  weight  of  the 
alfalfa  commercially  dry  to  be  5228  lb.  and  absolutely  dry,  4660  lb. 
In  other  words,  these  are  the  respective  weights  that  pass  through 
the  dryer  per  hour. 

If  5228  lb.  of  commercially  dry  alfalfa  is  turned  out  per  hour, 
then  the  output  of  the  dryer  is  2.34  tons  per  hour  at  83c  per  ton, 
amounts  to  $1.94  per  hour,  and  as  the  coal  costs  $4.25  per  ton,  then 
it  requires  0.456  tons,  or  914  lb.  of  coal  per  hour  to  do  the  drying. 

If  the  temperature  of  the  air  as  it  leaves  the  heater  is  280  deg. 
and  the  drop  in  temperature  is  160  deg.  in  going  through  the  dryer; 
then  it  must  leave  the  dryer  at  a  temperature  of  120  deg.  Sup- 
posing the  outside  air  is  70  deg.  temperature  and  50  per  cent,  sat- 
urated, it  wmII  then  contain  4  gr.  per  cu.  ft.  Now  if  this  is  heated  up 
to  280  deg.  the  wet  bulb  temperature  will  be  raised  to  983/  *^1^'S-  '^"'^ 
with  the  absorption  of  moisture  being  lowered  to  120  deg.,  it  will 
then  be  48  per  cent  saturated,  carrying  16.6  gr.  per  cu.  ft.  There- 
fore, the  amount  of  moisture  absorbed  per  cubic  foot  will  be  the 
difference  between  this  latter  and  what  the  air  originally  contained, 
or  12.6  gr. 
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It  will  therefore  readily  be  seen  that  90,600  cu.  ft.  per  minute 
must  be  passed  through  the  dryer  to  absorb  9800  lb.  of  moisture 
per  hour. 

To  heat  and  evaporate  9800  lb.  of  water  from  70  deg.  and  to  raise 
the  temperature  of  the  water  retained  from  70  deg.  to  280  deg., 
and  also  to  heat  the  alfalfa  and  assume  about  2000  lb.  of  conveyor 
apparatus,  and  to  heat  the  dryer  building  and  provide  against  leaks 
and  losses  therefrom,  it 'will  require  very  close  to  14,000,000  B.t.u. 
per  hour. 

If  the  drop  in  temperture  is  160  deg.,  then  each  pound  of  air 
delivered  into  the  dryer  must  give  up  38  B.t.u. ;  hence  to  give  off 
the  heat  necessary  to  do  the  drying,  we  must  supply  368,500  lb. 
of  air  per  hour,  or  6140  lb.  per  minute. 

At  70  deg.,  this  is  equivalent  to  about  82,000  c.f.m. ;  at  120  deg., 
it  is  equivalent  to  about  89,600  c.f.m.  and  at  280  deg.,  it  is  equivalent 
to  114,500  c.f.m.  It  will  be  noted  that  at  a  temperature  of  120  deg., 
the  volume  of  air  required  checks  within  about  1  per  cent  of  the 
volume  required  by  the  moisture  to  be  absorbed,  as  shown  above. 

To  heat  368,500  lb.  of  air  from  70  deg.  to  280  deg.  will  require 
18,425  B.t.u.,  which,  divided  by  33,305  B.t.u.  per  boiler  h.p.,  shows 
that  553  boiler  h.p.  are  necessary  to  operate  this  plant. 

The  heat  in  steam  at  100  lb.  pressure  is  1188.8  B.t.u.  Assuming 
that  the  feed  water  is  heated  to  180  deg.,  deduct  147.88  B.t.u.,  leav- 
ing the  latent  heat  of  evaporation  1040.92  B.t.u.  Dividing  33,305 
by  1040.92  gives  us  32  lb.  of  steam  per  h.p.  hour,  and  multiplying 
553  h.p.  by  this  latter,  gives  us  17,696  lb.  of  steam  per  hour  as  neces- 
sary to  operate  this  plant,  instead  of  8400  lb.  of  steam  as  stated 
in  the  paper. 

Assuming  coal  to  be  of  high  quality,  containing  14,000  B.t.u.  per 
pound,  and  further  assuming  that  this  plant  is  operating  at  100 
per  cent  efficiency,  then  the  evaporation  will  be  13.43  lb.  of  water 
per  pound  of  coal,  and  as  17,696  lb.  must  be  evaporated,  this  will 
require  1318  lb.  of  coal  per  hour  instead  of  914  lb.  as  is  claimed, 
according  to  the  data  given  in  the  paper.  This  amount  of  fuel  is 
44  per  cent  in  excess  of  what  is  claimed  and  it  would  therefore  at 
the  same  cost  per  ton,  increase  the  price  from  83c  to  $1.20  to  do  the 
drying  per  ton  of  output. 

As  an  evaporative  efficiency  of  80  per  cent*  is  generally  consid- 
ered most  excellent  boiler  practice,  then  the  evaporation  per  pound 
of  coal  should  be  about  10.75  lb.  and  on  this  basis,  the  amount  of 
coal  consumed  per  hour  will  amount  to  1650  lb.,  or  more  than  80 
per  cent  in  excess  of  the  amount  stated  in  the  article  referred  to. 
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which   would  bring  the  cost  up   to  about  SI. 50  per  ton   of   dried 
alfalfa. 

The  steam  required  as  shown  above  is  about  1.8  times  the  amount 
of  moisture  evaporated.  A  plant  running  continuously,  day  in  and 
day  out,  ven,-  seldom  shows  a  better  ratio  than  2  lb.  of  steam  to  1  lb. 
evaporation.  On  this  basis,  it  would  be  more  nearly  right  to  figure 
on  20,000  lb.  of  steam  per  hour  and  say,  65  to  70  per  cent  boiler 
efficiency  in  a  plant  of  this  kind,  would  be  more  nearly  representa- 
tive of  what  might  be  the  average  result:  hence  figuring  on  an 
evaporation  of  0  lb.  of  water  per  pound  of  coal  in  the  boiler,  the 
consumption  of  coal  will  amount  to  about  2200  lb.  per  hour,  or 
about  1.10  tons  per  hour,  which  would  bring  the  cost  to  dry  the 
alfalfa  up  to  about  $2.00  per  ton. 

For  the  purpose  of  making  comparisons  more  readily,  the  follow- 
ing table  shows  the  difterence  in  results,  very  clearly.  Column  1 
gives  the  results  from  figures  as  given  in  the  paper  presented  ;  column 
2,  shows  what  would  be  the  maximum  results  obtainable  at  100 
per  cent  efificiency.  based  on  0800  lb.  of  moisture  evaporated  per 
hour :  column  3  shows  what  would  ordinarily  be  considered  first- 
class  results  for  average  daily  practice  in  any  dryer  installed  for 
this  purpose : 

Col.  1.  Col.  2.  Col.  3. 

Pounds  Moisture  Evaporated   per  hour....     9800  9800  9800 

Output,  lbs.  dry  alfalfa  per  hour 5228  5228  5228 

Output,  ton?  drv  alfalfa  per  hour 2.34  2.34  2.34 

Pounds  coal^  per  hour  to  dry  alfalfa 914  1318  2200 

Tons  coal  per  hour  to  drv  alfalfa 0.457  0.659  1.10 

Cost  of  coal  per  hour  . .' $1.94  $2.80  $4.68 

Cost  nf  coal  per  ton  drv  alfalfa  $0.83  S1.20  $2.00 

Pounds  steam  to  do  drying  per  hour 8400  17.696  20.000 

Pounds  steam  per  lb.  moisture  evaporated..     0.85  l._80  2.04 

H.P.    boiler   capacity   required    262  553  636 

There  is  evidently  something  radically  wrong  with  the  statements 
made  in  this  paper,  which,  before  becoming  a  permanent  record  of 
this  Society  should  be  corrected,  as  to : 

first.  The  dryer  referred  to  would  have  to  be  nearly  IT  per  cent 
above  100  per  cent  efificient  to  evaporate  any  such  an  amount  of 
moisture  per  pound  of  steam  as  is  claimed ; 

Second.  At  100  per  cent  boiler  efficiency  and  100  per  cent  absorp- 
tion efficiency  of  the  air  and  76  per  cent  dryer  heating  efficiency 
(which  is  about  50  per  cent  above  average  practice),  it  will  cost 
nearly  50  per  cent  more  per  ton  to  do  the  drying  than  is  claimed, 
at  the  price  for  coal  named. 


568  Discussion  of  Mechanical  Curing  of  Alfalfa 

The  Author  :  In  reply  to  the  criticism  of  Mr.  CoUamore  relative 
to  the  mechanical  curing  of  alfalfa,  will  say,  first  of  all,  that  it 
must  be  luiderstood  that  the  dryer  itself  does  not  comprise  the 
entire  process  of  curing.  The  paper  submitted  by  the  writer  merely 
stated  the  case  broadly,  and  at  that  time  he  had  no  intentions  of 
submitting  a  complete  technical  test  of  the  process,  but  merely  an 
outline  of  what  has  been  accomplished  in  actual  practice. 

The  principal  point  involved  in  the  curing  of  alfalfa  or  similar 
products,  is  to  produce  a  given  quantity  of  cured  product  without 
loss  of  color,  or  of  any  of  its  valuable  ingredients.  The  dryer  itself 
is  an  intermediate  apparatus  between  the  field  and  the  storehouse 
for  expediting  the  production  of  the  product,  something  that  cannot 
be  done  when  the  ordinary  field  method  of  curing  alfalfa  is  used. 
Therefore  the  amount  of  moisture  to  be  removed  from  the  product 
is  that  which  is  originally  contained  in  it  at  the  time  it  is  harvested, 
less  the  amount  contained  in  the  finished  product ;  consequently,  from 
the  time  the  alfalfa  is  cut  until  it  is  finally  delivered  to  the  ware- 
house, the  process  of  drying  or  curing  is  going  on  continually,  part 
of  the  time  by  natural  means  of  the  sun  and  wind,  part  of  the  time 
by  mechanical  process,  part  of  the  time  by  the  cooling  process,  and 
part  of  the  time  by  the  conveying  system. 

To  illustrate  this  more  clearly,  we  will  take  the  plant  from  which 
the  figures  in  the  article  were  obtained.  The  alfalfa  is  cut  some 
13  to  15  miles  from  the  point  where  it  is  weighed.  It  is  loaded 
into  gondola  cars  and  extends  above  the  side  of  the  cars  approxi- 
mately 10  ft.  It  is  then  pulled  down  to  the  scales  and  the  railroad 
weight  obtained.  The  scales  are  some  two  miles  from  the  drying 
plant,  and  a  train-load  is  weighed  at  one  time.  It  requires  from 
3  to  8  hours'  time  between  the  scales  and  the  point  where  the 
alfalfa  is  unloaded  from  the  cars  to  the  loading  platform  at  the 
dryer. 

At  the  time  this  test  was  made  the  outside  temperature  was  104 
deg.  and  the  dew  point  was  72  deg.,  with  a  strong  wind  prevailing 
from  the  South.  The  cars  were  then  unloaded  with  large  grapple 
hooks  and  the  product  spread  on  the  platform.  It  was  then  forked 
onto  an  auxiliary  conveyor  which  in  turn  delivered  it  to  the  dryer. 
It  then  passed  through  the  dryer,  through  the  cooler,  and  was  de- 
livered into  a  grinder  and  cut  into  small  bits.  After  this  it  went  to 
an  exhaust  fan  which  handles  between  18,000  and  20.000  cu.  ft.  of 
air  per  minute,  and  then  through  the  cyclone  to  the  bagging  ma- 
chinery in  the  warehouse. 

It  would  be  impracticable  to  determine  accurately  the  amount  of 
moisture  in  the  green  product  by  samples  taken    from    the    cars. 
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Therefore  the  railroad  weights  are  taken  and  the  weights  of  the 
finished  product  as  dehvered  to  the  warehouse,  and  the  loss  of 
moisture  between  the  time  the  railroad  weights  are  taken  and  the 
product  delivered  to  the  warehouse  is  the  amount  of  moisture  re- 
moved from  the  product.  The  steam  consumption  as  given  was 
the  amount  required  to  accomplish  these  results. 

It  is  without  doubt  a  mis-statement  to  presume  that  an  evaporation 
of  9800  lb.  of  water  from  a  product  of  this  character  would  be  ob- 
tained by  the  evaporation  of  8400  lb.  of  steam,  and  the  writer  had 
no  intention  of  conveying  this  thought,  although  after  reading  the 
article  it  would  seem  that  this  was  his  idea.  The  results  produced 
V\-ere  as  stated,  and  the  entire  process  outside  of  the  dryer  must  be 
given  credit  for  evaporating  the  difiference  between  what  the  dryer 
evaporates  and  that  of  the  blower  for  conveying  it,  the  cooler  for 
cooling  it,  and  the  period  of  time  which  the  green  product  lays  in 
the  cars  on  the  platform  and  conveyor  after  being  weighed  at  the 
railroad  scales  and  the  time  it  entered  the  dryer. 

The  83c  per  ton  of  fuel  cost  was  the  cost  given  by  the  superin- 
tendent of  the  plant.  Oil  was  the  fuel  used,  and  no  doubt  higher 
evaporation  was  obtained  with  the  oil  than  would  be  obtained  from 
coal.  The  boiler  plant  was  very  modern,  using  Babcock  &  Wilcox 
boilers  with  induced  draft  and  oil  burning  apparatus.  The  steam 
consumption  was  determined  by  use  of  a  General  Electric  flow 
meter  and  checked  by  delivering  the  water  of  condensation  by 
means  of  a  pump  to  a  large  tank  near  the  boiler  room. 

Alfalfa  is  a  i^articularly  easy  product  to  dry.  The  leaves  are 
small  and  thin  and  give  up  moisture  very  rapidly.  The  stems  are 
small  as  a  rule  and  contain  but  a  small  amount  of  cellulose,  there- 
fore dry  rapidly.  The  grinding  of  the  finished  product  and  the 
blower  conveying  system  tend  largely  to  drive  off  moisture.  The 
high  outside  temperature,  the  low  dew  point  and  the  strong  winds 
which  prevail  are  also  great  drying  mediums.  Therefore  a  dryer 
when  taken  in  combination  with  these  conditions  gives  the  results  as 
set  forth. 


No.  461 
DRYING  MONEY 

By  H.  C.  Russell,  Washington,  D.  C. 
Member 

THIS  paper  is  a  brief  description  of  the  apparatus  and  meth- 
ods used  in  the  drying  of  paper  currency  at  the  Bureau  of 
Engraving  and  Printing  at  Washington,  D.  C.  As  is  per- 
haps well  known,  all  postage  stamps.  United  States  bonds,  internal 
revenue  stamps  of  sundry  kinds  and  all  paper  currency  are  printed 
at  this  Bureau  which  is  a  part  of  the  Treasury  Department.  It  is 
with  the  drying  of  the  paper  on  which  the  currency  is  printed 
that  this  paper  deals. 

The  printing  of  paper  currency  is,  of  course,  the  most  exacting 
kind  of  printing  known,  and  all  materials  must  be  of  the  very 
finest  quality  and  all  workmanship  must  be  the  most  skillful  in 
order  that  an  article  may  be  produced  that  will  practically  defy 
counterfeiting.  To  obtain  the  best  results  in  fine  printing  the 
paper  must  be  damp.  It  consequently  follows  that  for  the  sub- 
sequent operation  of  finishing,  the  sheets  must  be  dried,  and  drying 
must  be  done  as  rapidly  as  possible  consistent  with  the  quality  of 
paper  used. 

The  work  at  the  Bureau  is  printed  on  comparatively  small  sheets, 
viz :  834  X  133^  in.  for  currency  and  ISjA  x  20^  in.  for  stamps. 
Experience  had  developed  a  system  which  was  perhaps  unique,  but 
it  gave  good  results.  The  method  was  to  dry  the  paper  in  so- 
called  trays,  which  were  constructed  of  galvanized  iron  frames 
1  in.  deep  with  woven  wire  mesh  bottoms,  in  which  the  sheets  were 
laid  horizontally,  practically  filling  the  trays  in  depth,  60  sheets  for 
stamps  and  60  to  80  sheets  per  tray  for  currency.  When  full,  the 
trays  were  placed  in  open  racks  or  frames,  the  cleats  on  which 
they  rested  being  spaced  so  as  to  leave  approximately  1  in.  between 
the  trays  for  the  circulation  of  air. 

Presented   at   the   Semi-Aiimial   Meeting   of  The  American   Society   of   Heating  and 
Ventilating   Engineers,   Chicago.   Til..   Julv.    1917. 
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FIG.    1. 


THE    INDIVIDUAL    DRYING     BOX    SHOWING    FAN     INSTALLATION 
AND   DUCT   CONNECTIONS. 
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FIG.  2.     SliCTIOXS  OF  THE  DKVIXG  BOX  STTOWIXG  IIEATIXG  COILS 
AXD    TRAYS. 
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The  racks  were  placed  in  one  large  room  in  rows  with  aisles 
between  and  were  open  on  the  two  sides  facing  the  aisles.  Perforated 
galvanized  iron  air  pipes  were  run  through  the  racks  vertically  with 
the  perforations  so  spaced  and  directed  that  the  air  could  pass  over 
and  under  the  trays.  The  vertical  pipes  were  connected  to  a  system 
of  distributing  mains  communicating  with  an  air  heating  chamber 
which  has  a  hot  blast  heater  provided  with  coils  and  a  centrifugal 
fan  from  which  the  hot  air  was  sent  to  all  racks  in  the  room. 
After  performing  its  function  of  drying,  the  air  was  permitted  to 
escape  out  the  windows. 

The  dry  room  was  open  all  day  for  the  reception  of  work  and 
when  the  presses  were  stopped,  the  room  was  closed  and  the  heat 
turned  on.  The  heat  remained  on  until  the  attendant  judged  the 
work  to  be  dry,  which  was  often  quite  late  if  the  outside  humidity 
was  high.  This  made  a  very  hot  room  for  the  day  force  to  enter 
and  remove  the  work  next  morning,  quite  often  as  much  as  160 
deg.  On  account  of  the  various  kinds  of  work  using  different 
weights  of  paper  and  different  sizes  of  sheets,  it  was  extremely 
difficult  to  so  regulate  temperatures  and  duration  of  heat  to  suit 
the  different  conditions. 

The  growth  of  the  output  of  the  Bureau  was  largely  the  reason 
for  the  crowding  of  the  drying  room,  as  space  was  not  available 
for  separate  rooms  for  drying  with  individual  air  heating  appa- 
ratus. The  press  rooms  were  in  different  parts  of  the  building,  but 
all  work  had  to  be  taken  to  one  drying  room. 

When  the  new  building  for  the  Bureau  was  designed,  it  was 
decided  to  have  a  drying  room  contiguous  to  each  press  room, 
which  called  for  a  total  of  seven  drying  rooms.  It  was  also 
decided  to  still  further  divide  the  work  of  drying  by  the  use  of 
separate  closed  boxes  or  cabinets,  each  to  be  well  insulated  to 
reduce  the  heating  up  of  the  dry  rooms  in  the  summer  to  a  mini- 
mum. Each  of  these  cabinets  was  fitted  up  with  individual  steam 
coils  and  fans  heating  and  forcing  the  air  through  the  boxes,  and 
as  they  were  to  be  closed,  a  system  of  exhaust  ducts  were  necessary 
to  allow  the  escape  of  the  moist  air.  The  fans  are  motor  driven 
and  placed  each  on  its  own  box  and  took  its  air  supply  from  the  main 
room,  fresh  air  coming  into  the  main  rooms  to  take  its  place 
through  grated  transoms. 

Experiment,  conducted  for  several  weeks  to  determine  the  size 
of  the  individual  boxes,  the  amount  of  air  necessary  and  its  dis- 
tribution, and  the  amount  of  heating  surface  necessary,  resulted  in 
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the  construction  of  204  boxes  like  the  one  illustrated  in  Figs.  1  and  2. 
They  are  essentially  closets  constructed  of  galvanized  iron,  insulated 
with  lYz  in.  of  hair  felt,  the  joints  riveted  and  bolted  and  made 
tight  with  wool  felt.  They  are  without  bottoms  and  are  bolted  to 
the  composition  floors  of  the  building,  the  joint  being  made  tight 
with  wool  felt.  The  doors  are  double,  two  fold,  and  when  closed 
make  a  tight  joint  with  the  box,  each  other  and  with  the  floor. 

The  object  of  the  insulation  and  the  air  tight  construction  is  to 
prevent  the  loss  of  heat  from  the  boxes  into  the  drying  room  so  that 
the  operations  of  spreading  work  in  some  boxes  and  drying  in  others 
may  proceed  simultaneously  without  discomfort  to  the  attendants, 
who  are  compelled  to  stay  in  the  drying  room  while  work  is  being 
spread.  Some  heat  is  necessarily  radiated  into  the  rooms,  but  only 
a  small  amount  of  the  moisture  laden  air  escapes  into  the  rooms; 
a  portion  of  the  radiated  heat,  however,  is  returned  to  the  boxes 
through  the  air  .supply  drawn  from  the  room. 

It  will  be  seen  from  Figs.  1  and  2,  that  the  fans  deliver  the  air 
into  the  top  of  the  box,  whence  it  is  forced  downward  over  the 
coil  surface  and  is  delivered  from  the  heating  chamber  into  an 
equalizing  air  space,  thence  through  a  perforated  diaphragm  into 
the  drying  chamber,  the  perforations  being  so  arranged  that  the 
air  passes  over  and  under  the  work  in  the  trays  arranged  as  in  the 
original  dry  room  which  has  been  previously  described.  The  con- 
densation from  the  steam  coil  passes  through  another  coil  laid  on 
the  floor  and  is  delivered  through  a  thermostatic  trap  to  a  common 
condensation  return  main.  The  trap  is  by-passed  with  a  connection 
containing  a  ^  in.  needle  valve. 

The  trays  are  supported  on  a  car  or  truck  so  that  if  for  any 
reason  a  given  box  cannot  be  heated  or  fails  to  act,  the  work 
therein  may  be  readily  transferred  to  another  spare  box. 

One  of  the  principal  advantages  of  the  new  system  is  that  any 
desired  temperature  may  be  maintained  in  any  individual  box,  and 
when  the  work  in  that  box  is  dry  the  heat  can  be  cut  off  without 
affecting  other  boxes.  After  the  heat  is  cut  off,  the  fans  can  be 
kept  running  long  enough  to  reduce  the  temperature  of  the  box  to 
a  comfortable  temperature  before  the  attendants  need  to  enter  the 
box.  This  cooling  also  has  the  effect  of  seasoning  the  paper, 
reducing  the  brittleness  which  is  sometimes  the  effect  of  too  ra'pid 
drying. 

I  might  add  here  that  one  of  the  greatest  difficulties  attached  to 
most  kinds  of  drying,  that  is  the  danger  of  damaging  the  product 
by  too  rapid  dr}ing  or  by  circulating  air  of  too  high  a  temperature 
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or  too  low  in  humidity,  is  present  in  only  a  mild  degree  in  drying 
this  kind  of  paper. 

The  air  supply  to  each  box  is  approximately  120  cu.  ft.  per  min. 
According  to  the  temperature  and  humidity  of  the  air  supplied  to 
the  coils,  the  condensation  amounts  to  from  10  to  12  lb.  per  hour 
for  each  box.  The  dry  rooms,  which  adjoin  the  main  press  rooms, 
w^ere  designed  to  hold  a  total  of  ;];5G  boxes,  of  which  264  were 
installed,  leaving  a  slight  margin  for  growth. 

The  dry  rooms  were  designed  by  Mr.  George  E.  Reid  of  the 
Office  of  the  Supervising  Architect,  which  Office  had  charge  of  the 
design  and  construction  of  the  entire  building.  I  am  indebted  to 
Mr.  Reid  for  practically  all  the  data  on  which  this  paper  is  based, 
and  in  fact  a  large  part  of  the  paper  is  his  own  verbiage. 

Mr.  Reid  designed  these  dry  boxes  after  considerable  experiment 
in  which  he  built  a  dry  box  and  carried  out  his  work  under  con- 
ditions of  actual  practice.  This  experimental  work  was  done  at 
considerable  expense  but  as  an  answer,  the  dry  boxes  have  given 
perfect  satisfaction.  They  were  installed  by  the  W.  G.  Cornell 
Co.,  of  New  York,  as  contractors,  at  a  cost  of  about  $125,000.00. 
The  boxes  were  built  by  the  Buffalo  Forge  Co.,  Buffalo,  N.  Y.,  and 
the  fans  are  of  the  Sirocco  type  furnished  by  the  American  Blower 
Co.,  Detroit,  Mich.  The  thermostatic  traps  are  of  C.  A.  Dunham 
Co.,  manufacture. 


No.  462 
THE  FUEL  PROBLEM  IN  THE  UNITED  STATES 

By  F.  C.  Honnold,'  Chicago,  III. 
Non-Member 

tN  viciu  of  the  threatened  fuel  shortage  in  the  United  States  at 
-*  the  time  of  the  Scini-Annual  Meeting,  the  District  Heating  Ses- 
sion of  the  Meeting  zuas  devoted  in  part  to  a  discussion  of  this  very 
important  problem.  Through  the  courtesy  of  the  Bureau  of  Mines, 
arrangements  zvere  made  for  the  following  address  by  Mr.  F.  C. 
Honnold. 

MY  most  intimate  knowledge  is  confined  largely  to  the  central  West, 
and  it  is  only  through  my  indirect  participation  in  the  National 
Council  of  Defense  that  I  can  say  much  that  will  comfort  or  advise 
those  from  the  East  regarding  the  situation  there. 

It  is  only  fair  to  say  to  you,  however,  in  the  absence  of  Mr.  Peabody  and 
of  Mr.  Moderwell,  that  they  and  their  associates  in  the  National  Production 
Coal  Committee,  are  the  pillar  of  your  hope — any  other  remark  to  the  con- 
trary notwithstanding.  They  are  the  pillar  of  your  hope,  because  behind 
them  solidly  aligned  with  their  heart  and  mind,  and  intent  on  meeting  the 
most  critical  situation  that  has  ever  confronted  the  American  public,  they 
have  the  operators  to  a  man. 

One  of  the  many  things  that  has  been  discovered,  or  revealed,  as  a  result 
of  the  war,  is  the  recognition  by  all  of  us  that  the  coal  industry  is  a  basic 
industry  of  first  importance  in  this  country. 

Not  unlike,  perhaps,  the  woman  who  is  too  prodigal  with  her  charm  and 
too  free  in  her  favor,  the  coal  industry,  for  a  number  of  years  past,  has 
fallen  into  more  or  less  disrepute.  It  is  natural  that  this  should  be  so  in 
view  of  the  fact  that  with  coal  available  in  30  states,  produced  from  between 
6,000  and  7,000  mines,  and  with  a|  constant  overproduction  of  40  per  cent 
beyond  requirement  and  a  potential  of  60  per  cent  above  normal  require- 
ment, coal  went  begging  and  was  neglected. 

Without  any  desire  to  criticize  the  railroads,  which  I  do  not  under  the 
circumstances  desire  to  do,  it  is  only  fair  to  say  that  the  coal  situation, 
which  we  now  face,  is  purely  a  matter  of  transportation.  Given  the 
necessary  cars,  the  mines  in  all  districts  of  the  country  are  in  position, 
regardless    of    the    fact   that    in    some    sections    they    have    a    reduced    labor 


'Secretary-Treasurer  of  the  Illinois  Coal  Operators  .Xssociation  and  of  the  Franklin 
County  Coal  Operators  Association:  Member  of  Coal  Production  Committee  of  State 
Defense  Board  of  Illinois,  and  one  of  seven  members  of  the  Coal  Production  Sub-Com- 
mittee under  the  National  Council  of  Defense. 
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supplj',  to  produce  all  of  the  coal  necessary  for  the  protection  of  every 
district. 

To  give  you  any  general  idea  of  the  circumstances  under  which  we  find 
ourselves  laboring  now,  it  is  necessary  to  go  back  almost  two  years,  to  go 
back  to  the  time  when  the  first  war  orders  reached  the  United  States.  These 
war  orders  and  the  subsequent  industrial  activity  incident  to  the  completion 
of  that  business  and  its  delivery,  affected  first  the  New  England  states. 
Gradually  with  successive  months,  this  industrial  activity  and  demand  for 
coal  spread  West. 

The  market  both  as  to  demand  and  as  to  sufficiency  of  supply  in  Illinois 
was  not  affected  until  last  October  and  November.  Our  demand  at  that 
time  came  as  a  reflection  of  the  transportation  failure,  and  of  the  multi- 
tudinous embargoes  that  were  placed  not  only  on  coal  but  all  other  commodi- 
ties in  the  Eastern  States.  As  a  result  of  the  congestion  along  the  Atlantic 
seaboard,  various  embargoes  were  placed  which  checked  the  flow  of  coal  by 
rail  movement,  into  New  England. 

Subsequent  embargoes  were  placed  that  checked  entirely,  the  movement 
of  coal  through  the  central  Eastern  belt.  Even  the  eastern  part  of  Ohio  and 
the  northern  part  of  New  York  were  liberally  supplied  with  coal  from 
Illinois  mines  during  the  months  of  November  and  December,  1916  and 
January,  1917.  The  situation  so  far  as  this  Western  section  is  now  con- 
cerned depends  largely  upon  the  ability  of  Eastern  operators  to  provide 
normal  movement  of  coal  across  the  Great  Lakes.  During  the  average 
year,  there  is  approximately  25,000,000  tons  of  coal  moved  across  the  Great 
Lakes  for  storage  during  the  summer  months  on  the  docks  at  upper  lake 
ports,  from  Duluth  and  Superior,  along  the  lines  of  Lake  Michigan,  down 
as  far  as  Milwaukee. 

The  average  annual  provision  of  coal  for  this  purpose  is  usually  sufficient 
to  protect  a  continuing  storage  stock  at  the  end  of  each  year  of  approxi- 
mately 5,000,000  tons.  In  other  words,  they  carry  over  at  the  end  of  each 
year  5,000,000  tons.  By  reason  of  the  increased  industrial  activity  that  has 
finally  reached  this  section,  the  total  coal  supply  on  the  upper  lake  ports  was 
this  year  entirely  exhausted  in  the  month  of  March,  and  Illinois  was  com- 
pelled to  supply  that  deficit  from  then  until  now.  For  the  first  three  months 
of  the  present  year,  April,  May  and  June,  the  total  movement  from  Eastern 
lower  lake  ports  to  upper  lake  docks  is  about  50  per  cent  of  normal. 

It  is  seriously  reduced  by  reason  of  the  long  delay  in  the  opening  of 
navigation  during  the  month  of  April,  almost  no  coal  having  gone  up  during 
that  month.  The  pooling  of  coal  at  lower  lake  ports,  with  which  I  beUeve 
all,  or  most  of  you  are  familiar,  is  offering  substantial  help  and  is  doing 
great  benefit  and  promises  to  accomplish  definite  good. 

I  take  it  you  are  aware  of  the  fact  that  pooling  means  that  all  coal 
reaching  a  given  lake  port,  lower  lake  port,  regardless  of  its  source  of 
origin,  or  the  kind  of  coal,  or  preparation,  is  loaded  into  a  single  boat  and 
immediately  dispatched  to  a  destination.  The  necessary  detail  for  account 
handling  and  reimbursement  of  the  participating  companies  being  handled 
by  a  board  appointed  for  that  purpose. 

A  similar  arrangement  has  been  made  for  pooling  coal  for  movement  from 
lower  Atlantic  ports  to  north  Atlantic  destinations  in  the  New  England 
district.  The  Federal  Trade  Commission  has  recommended  such,  practice 
for  other  producing  districts,  but  it  is  impossible  in  any  of  the  Western 
states  for  us  to  accumulate  or  pool  our  coal  for  delivery  to  any  given  points. 
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Illinois  is  of  necessity,  at  this  time,  a  strategic  and  pivotal  state  in  the 
provision  of   coal  requirement  for  the  West  and  Northvi'est. 

We  have  in  the  present  developed  mines  in  this  state  a  40  per  cent 
tonnage  potential  that  has  never  yet  been  utilized  by  the  public.  Unfortu- 
nately, I  fear  it  cannot  be  utilized  this  year,  on  account  of  the  car  supply. 

In  past  years,  60  per  cent  of  the  total  annual  coal  production  of  Illinois 
has  been  produced  and  marketed  between  October  and  February,  the  other 
seven  months  accounting  for  the  40  per  cent  remaining.  The  average 
Illinois  production  will  approximate  three  and  a  half  to  four  million  tons 
per  month,  from  April  to  August  of  each  year.  We  shall  be  able,  there- 
fore, to  provide  only  the  difference  between  our  usual  spring  and  summei 
months'  loading  and  all  the  capacity  possible  to  us  on  the  car  supply. 

The  reports  of  the  United  States  Geological  Survey  and  similar  reports 
from  local  trade  associations  indicate  that  the  percentage  of  loading  from 
Illinois,  Indiana  and  western  Kentucky  has  increased  about  80  per  cent 
during  the  three  months,  April,  May,  and  June.  During  the  same  period, 
the  loading  in  the  Rocky  Mountain  states,  in  North  Dakota,  Montana,  and 
Washington  has  shown  an  increase  of  about  70  per  cent.  This  latter  coal, 
however,  in  the  Northwestern  states  is  largely  lignite  and  will  not  store. 

The  excess  production  during  that  three  months  period  has  been  wholly 
consumed  as  rapidl;^  as  produced.  The  Southwestern  states  including 
Iowa,  Missouri,  Kansas,  Oklahoma,  Texas  and  Arkansas  have  shown  about 
a  40  per  cent  increase.  These  increases  have  been  made  possible  or  were 
made  possible  during  April  and  May,  by  reason  of  the  close  application 
and  thorough  participation  of  the  railroads  in  the  protection  of  the  ruling 
of  the  Interstate  Commerce  Commission,  the  making  of  coal  and  iron  ore 
preferred  commodities. 

During  the  months  of  June,  that  rule  has  been  seriously  neglected,  and 
a  very  substantial  increase  in  the  percentage  of  equipment  has  been  used 
for  application  in  other  industrial  lines.  As  a  net  result,  the  coal  production 
for  all  of  the  Western  sections  has  shown  from  10  to  15  per  cent  decrease 
over  the  previous  month  of  May. 

W'e  regret  and  look  with  concern  upon  the  fact  that  our  car  supply  ts 
not  improving.  East  or  West,  so  far  as  the  coal  request  is  concerned.  I 
noticed  in  the  papers  last  night  a  statement  that  the  shortage  of  cars  had 
been  reduced  50  per  cent.  That  shortage  of  cars  referred  to  is  the  shortage 
of  cars  of  the  class  and  kind  demanded  by  industrial  manufacturing  con- 
cerns, rather  than  coal  companies.  A  part  of  that  reduction  of  shortage  is 
also  due  to  the  fact  that  during  the  last  three  or  four  weeks  coal  mines 
throughout  the  central  West  have  been  loading  freely,  many  days  exclu- 
sively box  car  equipment,  and  a  kind  and  a  class  of  equipment  which  they 
definitely  dislike  to  utilize  on  account  of  the  fact  that  in  providing  a  load  of 
coal  for  a  box  car,  your  operation  is  unavoidably  slowed  up. 

The  total  production  on  the  basis  of  percentage  just  stated,  increased  this 
last  three  months  over  last  year  80  per  cent,  70  per  cent  for  the  northwest 
and  Rocky  Mountain  states,  and  40  per  cent  for  the  southwestern  states, 
reduced  to  figures  means  that  we  have  loaded  out  of  those  districts  in  the 
last  three  months  12,000,000  tons  more  than  we  loaded   last  year. 

Of  this  12,000,000  tons,  Illinois  has  furnished  8,000,000.  We  should  have 
furnished,  and  could  have  furnished  on  a  full  car  supply  18,000,000  tons  of 
coal  within  that  period. 
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We  feel  that  we  have  met  by  about  one-third  the  demand  for  coal  which 
will  reach  us  between  now  and  next  March  31st,  that  is  the  shortage  that 
we  were  expected  to  make  up,  the  shortage  of  coal  required  in  the  North- 
west section,  and  heretofore  secured  from  the  East.  The  shortage  of  coal 
is  a  result  of  increased  industrial  activity  in  the   Northwest. 

We  are  now  only  ten  weeks  removed  from  a  period  when  our  own  normal 
demand  from  domestic  dealers  and  householders  will  require  our  entire 
output,  so  that  you  can  see  the  question  confronting  us  is  one  of  definite 
gravity  and  is  especially  so  when  we  cannot  escape  consideration  of  the 
fact  that  our  car  supply  promises  to  be  further  reduced  in  the  movement  of 
crops,  in  the  movement  of  troops  and  in  the  movement  of  munitions  of  war. 

Every  possible  effort  is  being  made,  and  has  been  made  to  counsel  economy 
in  the  use  of  coal  and  to  counsel  promptness  in  the  purchase  and  storing  of 
coal.  The  public  press,  as  you  are  all  aware,  has  upon  occasion  seriously 
assailed  the  industry   for  what  they  charged  were  unwarrantable  prices. 

The  operators  of  the  country  gave  what  they  l)eHeved  was  prompt  reply  to 
such  charges.  Thej'  appeared  voluntarily  and  without  coercion,  but  willingly 
agreed  to  the  established  price  named  by  the  government  at  Washington, 
June  26  to  28th.  No  coal  will  move  for  a  higher  price  throughout  the 
winter,  and  they  went  further  by  agreeing  to  submit  to  the  Federal  Trade 
Commission  their  cost  sheets  and  data  so  that  if  after  careful  study,  a  lower 
price  would  be  recommended  by  them,  that  in  turn  would  be  accepted. 

Predicted  on  the  Washington  Conference,  however,  stimulated  or  inspired 
possibly  by  politics,  (we  haven't  really  had  time  enough  in  our  effort  to 
serve  the  public,  to  try  and  decide  for  ourselves  what  the  occasion  is),  we 
have  been  assailed  most  viciously,  and  as  a  result,  the  precise  type  and  class 
of  consumer  of  coal  that  gives  us  the  most  concernj  and  anxiety,  the  man 
that  burns  only  a  few  tons,  are  led  to  believe  that  their  coal  will  cost  them 
less  money  and  that  they  will  get  it  cheaper. 

1  honestly  believe  there  is  no  chance.  The  price  return  on  coal  by  reason 
of  the  fact  that  our  industry  has  for  years  labored  under  the  most  trying 
conditions  and  circumstances,  having  returned  through  the  five-year  period 
as  an  industry  in  the  state  as  a  whole,  less  than  5  per  cent  on  the  money 
invested.  This  opportunity  before  the  operators,  is  of  a  kind  and  a  type 
that  cannot  reasonably  or  warrantably  be  denied  as  a  proper  time  in  which 
to  recoup  losses.  But  regardless  of  all  that,  and  with  the  prices  set  by  the 
government,  and  with  the  contracts  carried  over  from  the  year  before  and 
the  unescapable  loss  on  fine  coal,  screenings  and  other  steam  sizes,  each  of 
which  moves  now  and  always  has  moved  and  probably  always  will,  at  less 
than  the  cost  of  production,  the  actual  net  return  to  the  average  operating 
company  in   the  state  of  Illinois   would   proliably   surprise   you. 

On  the  basis  of  actual  figures,  there  seems  no  likelihood  that  the  state 
of  Illinois,  as  a  whole,  will  average  a  net  return  on  their  coal  beyond  $2 
to  perhaps  $2.15  on  the  mine-run  basis,  including  the  movement  of  all 
current  coal  for  which  provision  can  be  made  at  $3.50  for  the  prepared 
sizes  and  $2.75  for  mine-run  and  screenings.  The  occasion  for  that  being 
that  the  $2.75  price  and  the  $3.50  price  of  necessity  applies  to  a  very  small 
portion  of  the  production  of  any  of  the  mines.  This  year,  the  same  as  in 
previous  years,  a  substantial  percentage  of  the  coal  produced  is  under 
contract  and  will  continue  under  contract,  and  those  contracts  will  be 
protected  to  the  best  limit  and  ability  of  the  operators  of  the  state  of  lUinois. 

One  of  the  groups  in  Illinois  with  which  I  am  most  familiar  and  which 
pi-oduces   annually   about   10,000,000   tons   of   high-grade   coal,   generally   con- 
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sidered  to  be  the  best  in  the  state,  showed  on  last  year's  operation,  up  to 
March  31st,  an  actual  cost  on  the  mine-run  of  $1.30,  and  returned  on  that 
coal  $1.69  for  the  period  of  a  year.  Since  March  31st,  and  following  the 
adjustment  with  our  men  in  New  York  in  April,  our  costs  have  advanced 
variably  throughout  the  state  from  35  to  as  high  as  T^  cents.  It  is  a  fair 
statement  to  say  that  the  average  price  on  thick-seam  coal  in  Illinois  to-day 
is  approximately  $1.75.  The  coal  produced  from  the  thinner  seams  and 
from  the  deep  mines  will  carry  from  25  to  50  cents  more.  In  some  few 
instances  75  cents  beyond  that  amount  will   be  carried. 

The  factor  that  occasions  advance  in  coal  price  at  times  like  these,  is  the 
sporadic  and  broken  working  time  of  our  mines.  It  is  rare  that  any  mine 
is  permitted  or  able  by  reason  of  the  car  supply  to  work  beyond  six  out  of 
its   eight   hours. 

About  40  per  cent  of  our  labor  charge  is  of  the  shift  hand  variety.  In 
other  words,  we  pay  them  so  much  for  a  day's  work,  and  their  portion  of 
the  coal  cost  naturally  advances  as  you  reduce  the  tonnage.  The  same  is 
true  with  reference  to  the  unavoidable  large  number  of  idle  days  within 
the  month.  We  must  always,  at  a  time  like  this,  in  our  anxiety  to  utilize 
all  of  the  equipment  possible,  keep  our  mines  thoroughly  officered,  thor- 
oughly manned,  thoroughly  equipped,  ready  to  go  on  a  minute's  notice,  and 
idle  days,  fully  equipped,  cost  money  in  a  coal  mine. 

It  may  surprise  you  to  know  that  to  hold  the  average  large  producing  coal 
mine  in  the  state  idle  per  one  day  under  present  conditions  means  a  loss 
to  the  producing  company  of  $1,000.  The  average  idle  day  loss  for  the 
various  mines  in  the  state  as  an  average  will  run  approximately  $500. 

It  may  interest  you  to  know,  briefly,  how  the  coal  trade  has  sought  to 
organize  to  meet  this  situation.  Under  the  National  Coal  Production  Com- 
mittee are  committees  of  seven  from  each  of  the  coal  producing  states,  who 
confer  at  regular  intervals  with  the  National  Coal  Production  Committee. 
Practically  all  of  the  Western  coal  producing  states  have  their  state  Defense 
Councils,  and  usually  representative  coal  men  are  included  in  their  personnel. 

Local  conditions,  both  as  to  the  mines,  their  possibility  of  production, 
their  car  supply,  means  of  increasing  movement  and  increasing  the  facility, 
and  use  of  equipment  are  carefully  studied  and  reports  made.  Believing  it 
might  interest  you  to  read  the  recommendations  of  the  Coal  Production 
Committee  of  the  State  of  Illinois,  covering  these  various  points,  I  have 
brought  along  a  few  copies  for  your  notation.  The  State  officials  in  the 
majority  of  the  states  are  submitting  their  fuel  requirements  for  the  insti- 
tutions of  the  state  to  their  various  Defense  Councils. 

In  this  state,  we  have  a  committee  of  three  men  who  determine  the 
origin  and  the  movement  and  the  application  and  the  contract  conditions  and 
all  other  features  of  the  coal  moving  to  the  institutions  of  the  State  of 
Illinois.  Those  institutions  will  be  protected  in  precisely  the  same  price 
that  is  given  by  the  government.  Every  possible  effort.  I  can  assure  you, 
for  the  coal  industry,  to  make,  to  secure  you,  and  the  interests  that  you 
represent  in  the  coal  supply  for  the  coming  winter,  is  being  made. 

We  regret  sincerely  that  the  railroad  seems  not  to  be  able  to  give  us 
more  equipment.  It  seems  not  to  be  able  to  give  quicker  movement  to  the 
coal  that  we  load.  But  with  your  indulgence,  and  what  is  more  to  the 
point,  gentlemen,  with  your  help,  and  the  solution  of  the  coal  proposition 
facing  the  United  States  to-day  is  the  responsibility  of  every  man  that  uses 
coal,  either  privately  or  through  any  institution,  I  believe  we  can  meet  the 
request  for  coal. 
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DISCUSSION. 

Jas.  a.  Donnelly  :  I  understand  that  they  are  running  this  coal 
into  pits  and  storing  it  in  large  quantities. 

Dr.  F.  C.  Honnold  :  That  has  been  done  in  three  instances,  but 
they  are  not  doing  it  at  all  as  a  commercial  proposition  for  the  re- 
sale of  coal.  The  Western  Electric  Company,  at  their  plant  at 
Hawthorne,  have  for  several  years  stored  coal  in  that  fashion. 

Two  years  ago,  as  per  custom  in  the  fall,  when  the  heavy  domestic 
and  dealer  demand  for  prepared  sizes  was  at  its  height,  and  the 
consequent  screenings  produced,  which  amount  to  about  50  per 
cent,  of  our  output,  was  selling  at  an  average  of  60  to  65  cents  a  ton 
less  than  the  cost  of  production,  large  quantities  of  the  coal 
screenings  were  bought  and  put  into  various  pits,  some  at  Elgin  and 
some  out  in  the  Western  district  here  near  Chicago.  Several  of  the 
railroads  issued  tariffs  on  which  they  granted  a  through  rate,  similar 
to  the  milling  in  transit  privilege  on  flour.  But  the  present  clamor- 
ous demand  for  coal,  especially  the  steam  sizes,  the  most  of  which 
moves  directly  from  the  car  into  the  boiler  room  for  instant  con- 
sumption, has  made  any  storage  of  coal  of  that  variety  impossible. 

Jas.  a.  Donnollv  :  What  is  your  opinion  on  the  possibility  of 
conveying  it  from  the  mines  in  Chicago  through  a  pipe  line. 

Dr.  F.  C.  Honnold  :  A  very  ambitious  plan  of  that  type  and 
kind  was  carefully  considered,  after  being  submitted  to  the  Common- 
wealth Edison  Company,  with  the  idea  of  making  available  some  of 
the  coal  near  Chicago  for  movement  in  that  fashion  by  pump  sta- 
tions located  about  every  20  or  25  miles  apart.  Such  pumps  were 
experimented  with  and  trial  lines  provided,  and  it  was  considered  to 
be  perhaps  practicable  from  a  mechanical  standpoint,  but  imprac- 
ticable so  far  as  actual  application  under  present  conditions  was 
concerned. 

B.  Gause  :  Are  the  large  coal  mines  in  the  State  of  Illinois  not 
owned  by  these  same  railroads  that  you  are  talking  about? 

Dr.  F.  C.  Honnold:  There  are  a  substantial  number  of  proper- 
ties in  the  State  of  Illinois  owned  directly  by  railroads.  The  Madi- 
son Coal  Corporation,  which  is  the  coal  operating  company  for  the 
Illinois  Central  Railroad,  is  one.  The  Superior  Coal  Company, 
operating  at  present  three  mines  and  sinking  a  fourth  is  another, 
being  owned  by  the  C.  &  N.  W.  Ry.  Company.  The  C.  M.  &  St. 
P.  R.  R.  operates  two  mines  and  takes  the  output,  I  belieVe,  of  two 
others. 
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The  Litchfield  and  Madison  road  in  the  Belleville  district  also 
operates  its  own  properties.  In  so  far  as  you  might  interpret  that 
as  a  possible  opportunity  for  the  abuse  of  privilege  or  of  the  public 
or  their  interests,  your  question  is  answered  by  the  application  of 
the  Hepburn  Act,  which  has  denied  to  these  companies  and  com- 
panies of  that  type  any  right  or  privilege  to  sell  coal  in  the  market. 
That  they  do,  however,  first  protect  themselves  by  using  such  of 
their  equipment  as  is  necessary  to  fully  coal  their  own  roads  and 
to  provide  storage  is  undoubtedly  true. 

B.  Gause  :  Don't  you  think  the  present  price  of  coal  is  due  more 
to  the  organization  that  the  Federal  Trade  Commission  made  for 
you  than  any  shortage  of  cars? 

Dr.  F.  C.  Honnold  :  No,  I  do  not.  The  Federal  Trade  Com- 
mission has  at  no  time  offered  any  aid  or  comfort  to  the  coal  men. 

B.  Gause  :  The  organization  was  held  up  as  an  example  of  what 
they  could  do  to  develop  your  business.  I  think  the  large  consumer 
has  bought  either  at  cost  or  less  than  cost,  and  the  small  consumer 
has  paid  the  coal  bill.  With  all  due  respect  to  what  you  have  said, 
I  don't  understand  how  the  present  coal  situation  applies  to  the 
Federal  Trade  Commission.  If  a  price  can  be  fixed  for  the  first 
of  January  this  year,  is  that  going  to  cover  each  month  throughout 
the  year? 

Dr.  F.  C.  Honnold  :  I  thoroughly  agree  with  you  in  two  things 
that  you  say,  first,  that  the  burden  of  coal  cost  has  been  unequitably 
and  unequally  borne  as  between  large  and  small  users.  If  that  situ- 
ation is  ever  to  be  corrected,  it  will  have  to  be  corrected  through 
an  interstate  agency  of  character  of  the  Federal  Trade  Commission. 

Now,  you  mentioned  a  matter  of  price,  that  it  would  be  impossible 
for  the  price  to  be  fixed  in  Washington  in  January,  to  cover  each 
succeeding  month.  It  wasn't  possible.  Coal  would  move  to-day 
out  of  Illinois,  every  pound  we  could  spare  of  it,  at  $5  a  ton,  if  it 
weren't  for  the  $3.50  governmental  maximum.  There  is  no  ques- 
tion in  my  mind  but  what  industrial  users  of  coal,  w'hose  cost  for 
coal  amounts  to  only  a  fractional  part  of  a  cent  per  unit  made,  in  a 
majority  of  instances,  would  rather  pay  almost  any  price  than  stop 
their  profitable  operation  at  times  like  this — $6  or  $7  a  ton,  just  as 
they  have  been  doing  down  East,  and  it  is  in  that  particular,  that 
regardless  of  our  knowledge  of  the  certain  shortage  of  coal  and  the 
clamorous  demand  for  coal  and  the  panic  buying  of  coal  by  the 
public,  that  the  operators  feel  they  are  clearly  entitled  to  your 
commendation  as  having  done  a  patriotic  service  by  having  per- 
mitted the  Government  to  set  a  maximum  price. 
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B.  Gause:  111  the  city  of  Springfield,  111.,  last  year  they  paid  $3 
a  ton  for  soft  coal  delivered  to  their  homes.  Now  the  reason  why 
they  didn't  pay  more  in  Springfield  was  because  Mr.  Jeffery  wouldn't 
agree  to  the  raise  in  price. 

I  think  that  the  coal  operators  of  the  State  of  Illinois  can  perform 
a. patriotic  duty  to  the  poor  people  of  this  country.  These  men  are 
not  receiving  the  added  compensation  that  the  manufacturers  are 
for  their  services,  and  it  is  going  to  cause  a  terrible  amount  of  un- 
rest among  the  common  laborers  or  the  poor  people  of  the  state. 
I  think  the  price  of  coal  to-day  is  probably  going  to  lay  the  founda- 
tions for  trouble  that  we  don't  want  to  have  in  this  country. 

Dr.  F.  C.  Honnold  :  Why  more  of  the  foundation  for  trouble 
or  criticism  than  the  $2.25  minimum  wheat  and  no  maximum?  Why 
more  source  of  trouble  than  $2  a  bushel  for  potatoes  and  you  dig 
them  yourself?    Why  more  source  of  trouble  than  anything  else? 

B.  Gau.se:  Some  of  these  people  can  raise  a  few  bushels  of 
potatoes,  but  they  can't  raise  coal. 

Dr.  F.  C.  Honnold  :  Do  you  know  what  the  average  consump- 
tion per  family  is?  It  runs  from  10  to  12  tons  per  annum.  That 
will  become  the  measure  of  hardship  to  the  average  laboring  man. 

H.  L.  Whitelaw  :  I  believe  Secretary  Lane  was  credited  with 
the  statement  recently  that  the  smoke  laws  of  our  dififerent  cities 
ought  to  be  relaxed  at  this  time  in  order  to  take  the  burden  off  the 
steam  user.  As  far  as  the  coal  car  shortage  is  concerned  the  situ- 
ation cannot  be  improved  except  by  the  strict  enforcement  of  all 
smoke  ordinances  and  national  publicity  in  regard  to  coal  efficiency. 

It  is  a  fact  that  as  far  as  new  equipment  is  concerned,  the  supply 
is  really  limited  and  won't  aft'ect  the  coal  supply  of  the  United  States 
so  much  as  some  real  conservation  work  that  can  be  done  by  every 
steam  user. 

Relaxing  the  smoke  laws,  from  a  matter  of  statistics  would  in- 
crease the  coal  consumption  for  the  railroads  that  are  operating 
within  the  city  of  Chicago  just  15  per  cent.  Taking  the  1914 
price  of  coal,  it  would  amount  to  over  $600,000.  On  a  tonnage  basis 
you  can  see  that  that  would  amount  to  a  considerable  tonnage.  Our 
national  loss  due  to  the  inefficiency  of  90  per  cent  of  power  plant 
and  heating  plant  installations  amounts  to  100,000,000  tons  of  coal 
annually.  This  figure  illustrates  the  importance  of  a  national  smoke 
movement  in  order  to  conserve  our  coal  supply,  and  if  it  had  been  in 
effect,  we  wouldn't  have  had  a  coal  car  shortage. 

F.  R.  Still:  I  move  that  a  rising  vote  of  thanks  be  extended  to 
Dr.  Honnold  for  his  interesting  and  inspiring  address. 

The  motion  was  seconded  and  carried. 


No.  463 

COOPERATION   BETWEEN   THE   NATIONAL   DIS- 
TRICT  HEATING   ASSOCIATION   AND   THE 
AiMERICAN  SOCIETY  OF  HEATING  AND 
VENTILATING  ENGINEERS 

By  D.  L.  Gaskill,'  Greenville,  Ohio 
Non-Member 

IW'ISH  to  express  my  appreciation  of  the  honor  of  being  privileged  to 
address  this  great  body  of  men  whose  work  and  efforts  have  resulted  in 
so  much  good  to  our  nation  and  to  the  people  of  the  world,  and  I  bring 
you  the  greetings  of  a  sister  association  and  pledge  you  our  earnest  efforts 
to  make  your  work  as  well  as  our  own  productive  of  good  to  humanity. 

.'\t  no  time  since  the  organization  of  either  of  our  Societies  has  the  world 
called  upon  us  for  greater  efiforts  or  more  efficient  results.  At  this  time  the 
cry  of  humanity  for  comfort  and  assistance  is  ringing  throughout  the  world. 
We  can  no  longer  float  on  the  tide  of  progress  but  must  seize  the  oar  and 
steer  to  the  point  of  the  highest  efficiency  in  order  to  meet  the  extraordinary 
conditions  that  now  faces  all  of  humanity. 

In  these  great  bodies,  whose  object  is  not  only  to  benefit  the  people  but 
to  raise  the  standard  and  knowledge  of  those  engaged  in  the  work,  our 
country  looks  and  beckons  for  assistance  in  this  time  of  war  and  suffering. 
Tt  calls  for  our  best  work  and  highest  efficiency,  and  we  cannot  attain  this 
by  standing  alone  or  by  being  envious  or  jealous  of  each  other's  efforts. 
There  must  be  co-operation  and  co-ordination  in  order  that  we  ma}'  reach 
in  the  shortest  possible  time  the  goal  expected  of  us  by  our  nation  and  our 
allies. 

Ten  years  ago  the  Natiotial  District  Heating  Association  came  into  being 
and  with  only  the  thought  of  gathering  some  of  the  fundamental  facts  that 
surrounded  the  business  and  making  them  available  for  those  who  were 
directly  engaged  in  that  work.  From  that  small  number  and  limited  horizon, 
there  has  grown  a  great,  national  association,  whose  work  has  been  broadened 
until  it  covers  not  only  the  field  particularly  applicable  to  the  industry  that 
it  represents,  but  goes  out  into  the  wide  field  of  heating  and  ventilating, 
which  properly  belongs  to  your  great  organization.  It  has  been  necessary 
to  do  this  in   order  to  attain  the   fullest  and   highest   efficiency  in   the  work 

^  Secretary    of   the    National    District    Heffting   .\ssociation. 

Presented   at    the    Semi-Anmial    Meeting   of   The   .Xmerican    Societv    of    Heating   and 
Ventilating   Engineers,   Chicago,   Til.,  July,    1917. 
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peculiar  to  the  district  heating  industry  and  as  we  have  explored  the  path- 
ways of  progress,  we  have  found  so  much  undiscovered,  so  many  things 
to  be  done,  so  much  data  incomplete,  that  we  have  been  moved  by  a  co- 
operative spirit  to  appeal  to  this  great  body  to  co-operate  in  the  work  we 
are  doing. 

In  1912  at  the  Detroit  convention  of  our  Association,  it  was  suggested 
that  along  certain  lines,  co-operation  or  joint  committee  work  would  be 
possible  with  The  American  Society  of'  Heating  and  Ventilating  Engi- 
neers. Afterwards,  a  joint  committee  was  appointed,  and  in  1913,  a  short 
report  under  the  head  of  our  Educational  Committee,  was  made  to  our 
association.  Practically  all  of  the  members  of  this  committee  were  members 
of  both  societies  and  their  report  consisted  in  preparing  a  short  code  per- 
taining to  important  principles  in  the  installation  of  heating  and  ventilating 
plants,  with  the  recommendation  that  it  be  submitted  to  the  National  District 
Heating  Association,  and  also  with  the  suggestion  that  they  co-operate  with 
the  American  Institute  of  Architects,  The  American  Society  of  Heating 
and  Ventilating  Engineers,  and  The  American  Society  of  Mechanical 
Engineers. 

In  1914  there  was  another  joint  committee  report  under  the  head  of  our 
Educational  Committee,  which  was  collated  in  the  form  of  appendices 
covering  the  following : 

Pipe  sizes  and  radiation  for  heating  systems. 

Steam  meters. 

Standard  for  flanges  and  flange  fittings. 

Weather    stripping    and    its    efl'ect    on    air    leakage    and    radiation    of 

buildings. 
Prevention  of  accidents  and  general  directions  for  rendering  first  aid, 
Test  of  low  pressure  steam  cookers. 

Effect   of   meteorological   conditions   on   the   heat   output   of   a   district 
heating  plant. 
The  committee  still  consisted  entirely  of  members  of  the  Xational  District 
Heating  Association  who  I   believe  were  also   members   of  The  American 
Society   of    Heating   and   Ventilating   Engineers.     The    report,   however, 
was  made  entirely  under  the  auspices  of  the  heating  association  and  I  have 
no  knowledge  or  record  that  it  constituted  any  part  of  the  work  or  delibera- 
tions of  The  American  Society  of  Heating  and  Ventilating  Engineers. 
In    1915    the    Educational    Committee    did    their    work    entirely   under   the 
auspices  of  the  heating  association  and  although  a  committee  was  appointed 
on  behalf  of  this  Society  the  appointment  was  made  after  the  report  of  the 
educational  committee  to  the  heating  association  had   been   submitted  to  the 
publication   committee   for   printing.     This   report  covered : 
The  establishment  of  a   standard   for  transmission   losses   from   building?   of 

all  constructions. 
The    establishment   of    standard    methods    of    proportioning    direct    radiation 

and   standard  sizes  of  steam   and  return  mains. 
The  establishment  of  a  standard  coefficient  for  heat  losses  effected  by  wind 

movement, 
The  establishment  of  standard  heating  elements   for  cooking  apparatus   with 
special    reference   to    low   pressure   steam. 
In  these  papers  I  have  no  record  that  The  American  Society  of  Heating 
and  Ventilating  Engineers  were  credited  w-ith  having  prepared  any  part 
of  them. 
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In  1916  no  effort  was  made  toward  joint  committee  work  and  the  Educa- 
tional Committee  of  the  Xational  District  Heating  Association  in  their  work 
of  that  year  covered  the   following  subjects: 
The  establishment  of  standard  heating  apparatus  with  special  reference  to 

low  pressure  steam, 
Tests  on  copper  jacketed  kettles  under  various  conditions  of  pressure, 
A  study  of  heating  effects  of  various  steam  pressures  as  applied  to  printers' 

appHances, 
Test  of  steam  consumption  and  electric  requirements  of  a  hotel  laundry. 

The  committee  in  that  year  was  continued  and  at  the  Detroit  convention 
held  last  month  they  reported  upon  the  following  subjects : 

Low  pressure  cooking  apparatus. 

Test  on  the  application  of  superheated  steam  to  evaporating  kettles. 

Steam  consumption  of  a  hotel  kitchen. 

Steam  consumption  of  a  department  store  restaurant, 

Test  of  a  vegetable  and  soup  cooker, 

Industrial  heating  by  surface   combustion, 

Adapting  sprinkler  systems  for  heating  buildings. 
As  you  will  note  from  the  list-  of  subjects  covered  by  the  educational 
committee  of  our  association,  many  of  the  subjects  are  practically  within  the 
field  of  the  heating  and  ventilating  engineer,  and  upon  those  subjects  it  is 
also  a  fact  that  there  exists  very  little  data  outside  of  that  collected  by  the 
committees. 

In  1910.  the  Executive  Committee  of  the  heating  association  established 
what  was  known  as  the  Station  Operating  Committee,  and  this  committee 
made  its  first  report  to  the  heating  association  at  the  convention  held  in 
Rochester  in  May  of  1914.     Their  report  covered : 

Boilers, 

General  operation  conditions. 

Rating  and  capacity, 

Relation  of  capacity  to  efficiency. 

Relation  of  CO2  to  efficiency. 

Water  purification. 

Conditions  relative  to  a  steam  heating  plant. 

Conditions  relative  to  a  hot  water  heating  plant. 
The  report  of  this  committee  was  received  with  such  enthusiasm,  and  the 
work  so  complete  that  the  committee  has  been  continued  and  has  made  a 
report  each  year  since  that  time. 

In   1915  they  reported  at  the   Chicago  convention,  covering  the  following : 

Boiler  operation. 

Station  operating  costs. 

Accounting  of  operating  costs. 

Coal, 

Meters  and  their  use, 

Operating  points  necessary  to  be  considered. 
The  report  brought  out  great  discussion  and  the  committee  was  continued 
and  made  a  report  at  the  1916  convention,  covering : 

Boiler  operation  and  effect  of  determining  operation  from  switchboanl 
instrument. 

Water  treatment,  its  cost  and  results, 

Extraction  or  bleeder  type  turbines. 

Oil  as  fuel. 
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In  1917,  the  committee  reported  at  the  Detroit  convention  covering  the 
following  subjects: 

Feed  water  treatment  investigation, 

Specially  designed   furnaces  and   insulation   of   boiler  walls. 
Bonus  systems  in  the  boiler  room, 

Ratio  of  heating  and  electrical  loads  in  connection  with  district  heat- 
ing and  ^lectric  systems, 
An  account  of  recent  progress  in  station  development. 
For   the   coming  year   all   these    committees   have   been   continued   and   the 
members  especially  selected  to  obtain  the  best  possible  results. 

In   addition   to   the   above  two    committees   which   I   have   mentioned,   our 
association  also   has  a  public  policy  committee,   which   has   reported   for  the 
past  three  years  and  has  covered   many   subjects   in   which  the  heating  and 
ventilating  engineer  is  interested,  such  as  : 
Costs  and  accounting, 
Welfare   work   among   employees. 
Medical   examination  of  employees, 
Operation  of  heating  systems  and  plants  so  as  to  obtain  the  greatest 

satisfaction   from  the  public. 
And   other   kindred   subjects. 

I  have  thus  outlined  in  detail  the  work  of  these  three  committees  of  our 
association,  in  order  that  you  may  see  the  close  relation  existing  between 
our  Association  and  yours  in   many  of  the  subjects  covered. 

If  we  had  only  the  committees  that  I  have  described  to  you  it  would 
have  amply  paid  us  for  the  work  which  has  been  done  but  we  also  have 
five  other  standing  committees  that  deal  with  matters  pertaining  particu- 
larly to  the  district  heating  industry  and  each  have  accomplished  work  in 
their  respective  fields. 

While  our  Committees  have  sought  to  cover  broad  lines  and  dig  into 
directions  where  discoveries  and  data  were  particularly  needed,  I  must 
confess  that  we  have  only  scratched  the  surface  and  that  the  work  ahead 
of  these  committees  and  like  committees  established  by  kindred  associations 
is  as  mountains  to  overco'me  before  we  shall  have  attained  that  efficiency 
and  knowledge  that  we  need  in  our  work. 

Another  thing  has  been  demonstrated  in  the  work  of  our  association  and 
that  is  that  we  get  better  work  from  committees  than  we  do  from  individuals 
presenting  topics  upon  those  particular  subjects.  We  all  know  from  experi- 
ence that  in  numbers  there  is  wisdom  and  in  a  subject  as  broad  as  the 
heating  field  it  is  necessary  to  have  opinions  and  results  from  various 
directions  in  order  to  obtain  data  that  is  adaptable  to  general  conditions. 

We  have  also  found  that  unless  our  individual  efforts  come  from  oper- 
ating men,  the  tendency  to  use  the  association  as  an  advancement  of  their 
professional  work  in  some  degree  detracts  from  the  effects  of  the  individual 
no  matter  how  excellent  the  effort. 

Recognizing  that  none  of  the  Associations  have  yet  attained  perfection  in 
relation  to  their  work,  last  winter  I  received  a  very  courteous  and  splendid 
letter  from  your  excellent  secretary,  Mr.  Obert,  suggesting  that  we  take 
up  again  the  question  of  co-operation  and  joint  work  with  your  great 
Society.  In  accordance  with  later  arrangements  made,  the  President  of 
3'our  Society  and  your  Secretary,  together  with  the  President  of  our  Asso- 
ciation  and  its   Secretary,   met  in   Xew  York  last  May,  and  after  very   full 
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discussion  of  the  needs  and  what  might  be  accomplished  in  the  undeveloped 
field,  it  was  our  opinion  that  such  co-operation  and  co-ordination  should  be 
undertaken.  The  President  of  the  National  District  Heating  Association 
appointed  a  Committee  consisting  of  Geo.  W.  Martin  and  C.  A.  Gillham,  of 
New  York,  and  the  Secretary  of  the  Association  to  co-operate  with  your 
Society  during  the  coming  year  in  obtaining  such  co-ordination  of  work  as 
would  produce  the  greatest  and  best  results.  This  appointment  was  con- 
firmed at  the  annual  meeting  of  the  Association  held  in  Detroit  in  June  and 
it  is  expected  that  your  Society  in  convention  here  will  take  some  action  in 
this  direction. 

The  Committee  of  the  Xational  District  Heating  Association  stands  ready 
to  co-operate  and  co-ordinate  in  every  way  in  their  pow-er  with  your  Society, 
and  I  pledge  you  our  best  efforts  in  this  direction.  To  obtain  the  best  work 
is  the  problem  which  now  confronts  us.  I  am  of  the  opinion  that  we  can 
not  reach  the  standard  that  our  ideals  have  established  by  general  com- 
mittee work.  In  bodies  constituted  for  a  broad  purpose  and  composed  of 
any  considerable  number  of  men,  the  tendency  to  shift  the  burden  from  the 
shoulders  of  one  to  another  is  always  encountered,  and  even  if  the  results 
may  be  all  that  is  expected,  those  who  have  borne  the  heat  and  burden  of 
the  day  feel  that  they  have  not  received  the  credit  which  justly  belongs  to 
them;  and  I  fear  that  such  joint  effort  between  two  great  associations,  each 
being  actuated  by  the  laudable  ambition  to  stand  high  in  its  work  and  esteem, 
may  lead  to  discord  which  would  hamper  and  affect  their  work.  My  sug- 
gestion would  be  for  your  Society,  if  they  do  not  already,  have  Com- 
mittees to  pursue  somewhat  similar  lines  to  our  educational  and  station 
operating  committees ;  that  they  appoint  as  a  part  of  your  work  committees 
to  pursue  subjects  that  are  within  the  scope  of  the  work  of  both  associations; 
and  that  the  chairman  of  each  committee  in  connection  with  the  chairman  of 
like  committee  in  the  other  association  lay  out  certain  lines  of  work  to  be 
followed  by  each  committee.  Such  lines  need  to  be  similar  but  to  be  pursued 
as  the  province  of  that  particular  committee  and  the  report  as  made  of  their 
investigations  along  these  lines  to  be  made  as  of  a  joint  report  of  the  two 
Committees,  each  society  being  given  credit  for  the  work  of  its  committee 
along  the  line  pursued  by  it. 

I  believe  that  this  would  keep  us  away  entireh'  from  any  conflict  of 
interest  and  would  result  in  there  being  covered  at  least  twice  as  much 
ground  as  we  are  now  doing  or  could  do  under  the  work  of  a  joint 
committee. 

I  know  you  w-ill  agree  with  me  that  the  field  is  wide  and  the  demand  for 
data  and  facts  insistent.  When  I  assumed  the  duties  of  Secretary  of  our 
Association  ten  years  ago,  I  was  absolutely  astounded  at  the  lack  of  data 
that  existed  in  relation  to  thef  heating  field.  I  had  supposed  that  heating, 
being  absolutely  essential  to  life  and  comfort,  had  been  developed  and  the 
subject  almost  exhausted.  I  had  probably  looked  at  it  from  the  standpoint 
of  the  lawyer  rather  than  the  engineer,  but  after  these  few^  years  of  service 
and  trj-ing  to  assist  my  friends  to  accomplish  something  for  the  benefit 
of  themselves  and  humanity,  I  have  come  to  the  conclusion  that  the  heating 
field  is  still  a  great  undiscovered  territory. 

It  is  probably  the  greatest  field  for  the  engineer  and  the  operator  that  the 
scientific  world  has  put  out.  The  health,  the  comfort,  the  happiness,  and 
the  prosperity  of  humanity  depend  upon  the  heating  and  ventilating  of  the 
places   where    they  live,   and    so   urgent    is   the   call   of   humanity   to    us   to 
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serve  it  in  such  way  as  will  relieve  the  sufifering  and  discomfort  caused  by 
present  conditions,  that  we  have  only  one  duty  ahead  of  us  and  that  is 
how  to  do  it  best  and  in  the  quickest  possible  manner.  This  cry  of  humanity 
is  ringing  throughout  the  world  and  we  must  heed  it  and  answer  it 
quickly. 

In  this  time  of  war,  destruction,  and  sufifering,  it  is  not  ai  time  to  call 
off  meetings  but  it  is  a  time  to  get  together.  It  is  a  time  to  set  aside  our 
individual  wishes  and  work  as  a  whole  for  the  benefit  of  humanity,  and  in 
what  way  can  we  better  serve  than  to  give  of  our  best  efiforts  to  build  up 
the  health,  comfort,  the  happiness  and  prosperity  of  our  people? 

Jointly,  we  can  do  more;  separately,  we  will  do  less. 

Shall  we  not  co-ordinate,  and,  with  the  spirit  of  the  greatest  good  for  the 
greatest  number,  work  as  we  have  never  worked  before  to  succeed  in  all 
of  our  undertakings? 

What  we  need  in  this  country  is  the  efficiency  of  Germany  and  the  spirit 
of  France,  and  we  can  only  attain  this  combination  by  each  joining  hands 
and  keeping  step  in  the  mighty  advance  which  is  bound  to  be  made  in  the 
uplift  and  betterment  of  mankind. 
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DISCUSSION 

The  President  :  The  National  District  Heating  Association 
seems  to  be  quite  different  from  our  Society  in  that  it  has  Commit- 
tees that  are  very  active.  They  have  done  some  excellent  work.  As 
a  matter  of  fact,  we  have  published  quite  a  number  of  their  articles 
in  our  Journal,  and  have  discussed  them  in  our  meetings.  The  ar- 
ticles have  really  been  well  gotten  up,  as  good  if  not  better  than  our 
articles.  They  have  done  excellent  work  in  many  of  the  fields  that 
really  pertain  to  heating  and  ventilating  engineering. 

I  hope  this  subject  will  be  discussed  thoroughly,  so  that  the  officers 
of  the  Society  may  be  guided  in  their  action  with  regard  to  Mr. 
Gaskill's  address. 

Prof.  J.  D.  Hoffman  :  In  appreciation  of  the  splendid  address 
that  we  have  just  received  from  Mr.  Gaskill,  I  move  we  extend  him 
a  rising  vote  of  thanks. 

The  motion  was  seconded  and  carried. 

The  President  :  The  entire  matter  was,  as  Mr.  Gaskill  stated, 
discussed  in  the  Council  last  spring,  and  we  are  ready  to  appoint  a 
committee. 

Jas.  a.  Donnelly:  1  am  thoroughly  in  accord  with  what  Mr. 
Gaskill  has  said.  There  have  been  several  societies  with  whom  we 
have  co-operated  and  attempted  to  co-operate  with,  and  I  really 
think  that  this  Society  has  been  a  drone  in  some  cases  and  the  other 
a  busy  worker. 

I  have  been  on  joint  committees  and  worked  with  the  National 
Fire  Protection  Association,  and  the  National  District  Heating  Asso- 
ciation,  and  I  never  found  such  active  committee  work  done  as  in 
those  two  Associations. 

I  do  believe  that  we  can  get  committee  work  in  this  Society  but 
in  so  far  as  the  committees  that  I  have  been  on,  it  has  been  rather 
difficult  to  do  it.  I  have  done  considerable  committee  work  in  test- 
ing and  in  other  matters,  and  have  had  very  good  help.  At  other 
times,  it  has  seemed  almost  impossible  to  get  a  committee  together. 
But  I  do  hope  that  we  will  get  together  and  work.  I  think  that  this 
will  be  something  that  will  get  us  together  and  work. 

Theo.  Weinshank:  The  mere  fact  that  the  National  District 
Heating  Association  came  into  existence  is  proof  that  the  times 
required  such  an  organization.  The  American  Society  of  Heat- 
ing AND  Vextilatixg  Exc.tneers  consists  of  consulting  engineers, 
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manufacturers  of  heating  appliances,  representatives  of  manufac- 
turers and  Professors  of  universities,  all  of  whom  are  not  in  posi- 
tion to  do  experimental  work  such  that  each  member  of  the  National 
District  Heating  Association  has  at  his  disposal.  Each  member  of 
•the  National  District  Heating  Association  has  his  plant  before  him, 
which  in  itself  isa  testing  laboratory  and  enables  him  to  do  research 
and  experimental  work — a  fact  which  no  member  of  the  Society  can 
state. 

It  is  well  known  that  self-criticism  is  a  good  quality  and  leads 
toward  improvement,  however,  I  would  be  more  charitable  than  to 
say  that  the  Society  is  so  far  behind  that  it  required  the  National 
District  Heating  Association  to  pull  it  out  of  the  mire !  Co-opera- 
tion between  the  two  Societies  is  absolutely  essential  and  necessary, 
and  hence  the  recent  vote  to  have  the  two  Societies  meet  at  the  same 
place  and  the  same  time  is  another  move  toward  bringing  the  two 
bodies  together  and  use  all  the  information  at  the  disposal  of  both 
for  the  welfare  of  the  public. 

While  I  may  be  glad  to  hear  that  some  of  the  members  of  either 
Society  are  fearless  enough  to  criticise  their  Committees,  at  the  same 
time  let  us  put  the  credit  where  it  belongs  and  admit  that  these  Com- 
mittees have  accomplished  some  real  and  worth-while  results  in  the 
past,  and  I  believe  they  will  accomplish  something  in  the  future. 

A.  S.  Armagnac  :  I  can't  help  but  express  the  hope  that  this  joint 
meeting  will  be  held  and  I  can  tell  you  that  you  are  going  to  have 
a  refreshing  time  when  you  see  the  way  the  members  of  the  National 
District  Heating  Association  get  down  to  work,  especially  m  connec- 
tion with  their  committee  reports. 

There  was  nothing  presented  at  their  recent  convention  that  was 
half  so  interesting  as  their  committee  reports.  They  don't  simply 
confine  themselves  to  the  work  of  the  various  committees,  and  the 
results  of  their  own  experiments,  but  they  take  data  or  articles  or 
tests  bearing  on  their  subject  wherever  they  can  get  them  and  in- 
corporate them  in  the  reports.  The  result  is  that  they  always  have 
a  variety  of  valuable  and  up-to-date  matter  for  discussion  at  their 
meetings,  and  you  will  find  that  it  is  going  to  do  a  lot  toward  in- 
spiring the  committee  work  of  this  society  if  we  can  liave  a  joint 
meeting. 

Prof.  J.  D.  Hoffiman  :  I  want  to  second  the  words  of  Mr. 
Armagnac  in  regard  to  the  convention  meetings  of  the  National 
District  Heating  Association.  In  doing  that  I  am  not  criticising 
The  American  Society  of  Heating  and  Ventilating  Engineers. 
I  am  a  member  of  each  Society  and  believe  it  is  a  good  thing  at  times 
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for  the  members  to  have  a  Httle  self-analysis.  We  aren't  being 
criticised — we  are  criticising  ourselves.  Self-criticism  is  a  fine 
thing  sometimes.  I  think  it  is  uj)  to  us  to  commend  the  good  points 
and  criticise  the  bad  points  in  our  work.  I  should  very  much  indeed 
like  to  see  a  closer  co-operation  between  the  two  Societies. 

Theo.  Weinshank  :  The  mere  fact  that  I  am  a  member  of  both 
organizations  places  me  in  a  position  to  tell  what  is  what.  That  is 
why  I  wouldn't  sit  still  and  deny  the  credit  that  is  due  to  me  as  a 
member  of  The  American  Society  of  Heating  and  Ventilating 
Engineers. 

J.  H.  Walker:  As  a  member  of  the  National  District  Heating 
Association,  and  having  had  something  to  do  with  the  committefe 
work,  I  would  like  to  make  a  constructive  criticism  of  the  work  of 
the  committees  of  this  Society. 

In  the  National  District  Heating  Association,  each  committee  is 
fully  expected  to  report  every  year  and  to  mark  the  progress  of 
the  branch  of  the  industry  with  which  it  has  to  deal.  It  has  seemed 
to  me  that  the  committees  of  this  Society  have  been  appointed  with 
the  idea  of  reporting  at  some  indefinite  time  in  the  future,  and  as  a 
result  they  lose  their  momentum. 

D.  L.  Gaskjll:  I  would  be  very  sorry  indeed  if  any  person 
thought  I  came  here  to  criticise  your  Society  because  I  look  upon 
it  as  a  great  body  with  a  great  work  to  do  and  one  in  which  the 
members  know  a  great  deal  more  about  heating  than  those  of  us 
connected  with  the  National  District  Heating  Association,  but  there 
is  a  field  in  the  Heating  Association  that  your  Society  does  not  cover 
and  there  is  no  attempt  upon  the  part  of  the  members  of  the  Heat- 
ing Association  to  cover  the  ground  that  is  peculiar  to  your  profes- 
sion. 

My  appeal  this  morning  is  for  your  Society  to  co-operate  with 
us  where  lines  are  similar  and  that  we  both  so  systematize  our  work 
as  to  cover  a  greater  field  and  accomplish  more.  Many  of  your 
members  are  members  of  our  Association  and  we  are  very  proud  of 
it,  but  we  find  in  the  National  District  Heating  Association  that  no 
other  association  covered  our  field  that  was  peculiar  to  the  district 
heating  industry.  There  are,  however,  lines  that  we  are  pursuing 
that  are  kindred  to  your  work  and  we  are  asking  that  you  come  with 
us  and  help  us  do  more  work  than  we  can  accomplish  alone. 

Our  committees  have  done  splendid  work ;  possibly  your  com- 
mittees have  done  just  as  good  work;  and  we  are  continuing  this 
committee  work  throughout  the  present  war  conditions  with  its  full 
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vigor  and  intensity.  We  merely  ask  your  co-operation  with  us 
along  lines  in  which  we  are  both  mutually  interested.  I  did  not  come 
here  to  offer  any  criticism  of  your  great  Society  for  I  have  none  to 
offer. 


No.   464 

A  STUDY  IN  AIR  MEASUREMENTS  AND 
AIR  FLOW 

By  Arthur  K.  Ohmes,  New  York,  N.  Y. 
Member 

THE  writer  has  recently  had  an  occasion  to  determine  the 
amount  of  air  passing  through  certain  small  channels,  the 
problem  being  to  determine  with  as  great  accuracy  as  possible, 
the  amount  of  air  passing  through  these  channels  under  very  slight 
pressure  dififerences.  The  pressure  differences  were  to  conform  to 
wind  velocities  of  from  5  miles  to  12  miles  per  hour,  the  air  tem- 
perature to  be  75  deg.  with  60  per  cent  humidity.  The  velocity 
pressures  under  these  conditions  would  then  vary  from  0.012  to 
0.068  in.  of  water  column. 

The  test  results  are  given  and  liberal  detailed  (and  perhaps  edu- 
cative) comparisons  of  test  results  and  theoretical  results  of  the  air 
movement  through  these  channels,  are  given  in  the  paper. 

TEST  RESULTS  OF  CHANNEL  AIR  MOVEMENT 

The  tests  were  made  in  June,  1916,  and  the  general  contour  of 
the  channels  discussed  in  this  paper  are  shown  in  Figs.  1  and  2.  The 
air  movement  through  them  was  tested  out  in  a  manner  as  indicated 
in  Fig.  3. 

A  24  X  12  X  54  in.  air-tight  galvanized-iron  box  was  divided  into 
two  compartments.  In  compartment  A  there  was  maintained  a  pre- 
determined pressure.  The  difference  of  pressure  between  compart- 
ment A  and  compartment  B  was  to  correspond  to  certain  pre- 
determined wind  velocities.  The  exact  pressure  dift'erence  could  be 
maintained  by  an  adjustable  slide  on  the  top  of  the  box  and  a  damper 
in  the  discharge  pipe  of  a  small  centrifugal  fan.  A  fan  was  kept 
running  at  constant  speed,  delivering  air  into  compartment  A.  The 
discharge  pipe  outlet,  where  it  entered  compartment  A,  was  care- 
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fully  baffled  so  as  to  avoid  any  eddy  currents  in  the  compartment 
itself  which  might  build  up  velocity  pressures  in  addition  to  the 
static  pressure  maintained. 

The  pressure  differences  maintained  in  these  two  compartments 
were  measured  by  a  micro-manometer.  The  glass  tube  on  the  micro- 
manometer  was  inclined  at  an  angle  of  1  to  50  and  the  readings 
could  be  taken  with  absolute  accuracy  for  the  reason  that  there  was 


k 8'^ ->\ 

FIGS.   1  AND  2.     DETAILS  OF  THE  SQUARE  .\ND  ROUNDED  CHANNELS. 


not  the  slightest  vibration  in  the  alcohol  column  of  the  glass  gauge. 
It  was  thus  possible  to  secure  easily  and  accurately,  the  pressure 
differences  as  shown  in  Table  1,  column  1.  These  pressures  equal 
the  actual  heights  of  water  columns  as  indicated  in  column  2  which 
vary,  as  will  be  seen,  between  0.012  in.  and  0.068  in.  in  height. 
The  theoretical  air  velocities  corresponding  to  these  pressure 
differences  are  also  given  in  the  table. 

Practically  three  series  of  tests  were  made  and  the  last  test  was 
made  by  an  inexperienced  young  man.  His  results  were  practically 
the  same  as  those  made  by  Mr.  Walter  Tusch,  a  member  of  the 
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Society.  The  tests  show  what  fairly  complete  means  are  available 
for  engineers  in  conducting  tests  and  it  is  believed  that  tests  them- 
selves were  made  with  standard  degrees  of  precision  and  accuracy 
and  that  they  are  interesting  to  the  members.  The  results  have  been 
diagrammatically  illustrated  in  Fig.  4.  It  will  be  noted  that  the  test 
points  show  slight  deviations  from  the  curve  A,  whereas  curve  B 
covers  almost  completely  all  test  points. 

If  we  analyze  the  figures  of  the  power  required  to  drive  an  equal 
amount  of  air  through  these  two  channels,  it  is  of  course  obvious 
that  ihe  rounded  channel  would  require  considerable  less  power  to 
drive  a  certain  amount  of  air  through  it,  than  through  the  square 
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channel.  The  diagram  in  Fig.  -i  enables  us  at  once  to  determine 
accurately,  the  theoretical  power  required  to  move  a  certain  equal 
amount  of  air  through  these  channels.  Thus,  for  instance,  if  there 
were  to  be  handled  through  these  channels  12-i.8  cu.  ft.  of  air  per 
minute  (equal  to  10  ft.  velocity  per  second),  the  square  channel 
would  require  a  ]jressure  equal  to  0.033  in.  water,  whereas  the 
rounded  channel  would  only  require  a  pressure  of  0.019  in.  water 
(see  diagram  in  Fig.  4). 

Since  the  power  required  for  moving  air  through  channels  is  the 
product  of  the  quantity  of  air  per  minute  and  the  pressure  under 
which  the  air  moves,  we  see  at  once  that  the  power  is  in  direct  pro- 
portion to  the  height  of  the  water  column  itself.  The  square  channel 
requires  therefore  0.033  -f-  .019  =  1.68  times  more  power  than  the 
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rounded  channel.  This  increase  is,  of  course,  a  considerable  item 
if  a  large  amount  of  air  is  to  be  handled  as  is  usually  the  case  in  a 
ventilating  system.  It  illustrates  quite  nicely  the  economical  reasons 
for  securing  a  duct  system  with  few  elbows  and  if  there  must  be 
elbows,  etc.,  that  they  be  designed  in  a  proper  manner. 

OUR  PRESENT  DAY  THEORY  APPLIED  TO  THESE  TESTS 

It  occurred  to  the  writer  some  eleven  months  after  the  tests  were 
made  to  compare  the  actual  test  results  with  the  theories  at  our  dis- 
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FIG.   4.      CHART    SHOWING   POWER    REQUIRED   TO   MOVE   AIR   THROUGH 

THE    CHANNELS. 

posal  for  determining  air  flow.  The  test  in  itself  involved  consider- 
able expense  and  trouble  and  it  was  thought  that  possibly  this  might 
have  been  avoided  by  merely  determining  the  amount  of  air  delivered 
through  one  of  these  channels.  On  investigation  the  writer  became 
quickly  involved  in  an  analysis  of  figures,  co-efficients  of  resistances, 
etc.,  which  are  interesting  from  many  points  of  view.  The  air 
movement  conditions  in  the  channels  are  shown  in  Figs.  5,  6  and  T. 
According  to  reliable  and  excellent  authority,  we  would  assume 
r  the  co-efficients  of  the  resistance  in  the  channel  as  follows : 

Entrance  contraction  resistance  =1 .0 

Sharp  right-angle  elbow  resistance =1.10 

Rounded  45  deg.  elbow  resistance  =0.1o 

Exit  impact  resistance    ^1.0 

Frictional  loss  per  foot  at  5  ft.  velocity  and  5  ft.  perimeter =0.005 
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The  reason  for  allowing  for  entrance  and  exit  impact  losses  and 
the  approximate  air  movements  determining  their  losses  is  shown 
in  Figs.  8  and  9. 

In  order  to  refresh  our  memory,  we  will  point  out  that  the  co- 
efficients of  resistances  represent  proportions  of  the  theoretical 
velocity  head  of  the  moving  air  (the  frictional  loss  of  straight  ducts 
is  the  same  factor  per  foot  of  length  of  pipe)  which  is  equal  to 

V 

^9 
in  which  V  ==  velocity  per  second,  G  =  32.16  acceleration  due  to 
gravity,  and  y  =  density  in  ounces  per  cubic  foot. 

The  density  of  the  air  is  of  great  importance  in  determining  the 
theoretical  velocity  head  because  air  may  have  to  be  moved  at  differ- 
ent temperatures.    Air  at  0  deg.,  is  twice  as  heavy  as  air  at  460  deg. 


FIG.    5.      SECTIOXAL    \IEW    THROUGH    SQUARE    CHANXEL. 


fahr.,  and  the  velocity  head  would  accordingly  be  twice  as  large  for 
moving  air  at  a  certain  velocity  at  0  deg.  temperature  as  air  at  460 
deg.  temperature. 

Using  the  units,  which  after  careful  study,  I  determined  to  be  most 
suitable  for  practical  use,  we  will  express  the  density  in  ounces  per 
cubic  foot  and  the  velocity  head  would  then  be  ounces  per  square 
foot;  the  reason  for  taking  this  unit  is  simply  one  for  convenience, 
inasmuch  as  it  avoids  exceptionally  small  fractions  which  are  en- 
countered when  figuring  losses  occasioned  by  moving  air  at  low  ve- 
locities in  its  transit  through  short  runs  to  duct  work  in  pounds  per 
square  foot  losses.  To  transform  the  pressure  in  ounces  per  square 
foot  into  inches  of  water,  we  divide  by  83.  If  we  had  expressed  the 
density  in  pounds  per  cubic  foot,  the  velocity  head  w'ould  be  ex- 
pressed in  pounds  per  square  foot  and  to  transform  this  pressure 
into  inches  of  water  w-e  must  divide  by  5.8.  There  is  an  equal 
amount  of  work  involved  in  either  method,  except  it  will  be  found 
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that  the  unit  of  ounces  per  square  foot  is  much  more  convenient  for 
daily  office  use. 

In  the  comparisons  of  theory  and  test  results,  we  will  confine  our- 
selves to  the  following : — 

(1)  Comparing  theory  and  test  results  as  to  the  pressure  necessary 
to  drive  a  certain  amount  of  air  through  channels  ; 

(2)  Comparing  theory  and   test   results  as   to   the  co-efficients  of 
resistances ; 

(3)  Comparing  theory  and  test  results  as  to  the  velocity  of  air  se- 
cured under  certain  pressure  dififerences. 


■r-o.i5 


FIG.    6.      SECTIONAL    VIEW    THROUGH    ROUNDED    CHANNEL. 
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FIG.    7.      LONGITUDINAL    SECTION    THROUGH    CHANNEL    COMPARTMENTS. 

1.  Comparing  theory  and  test  results  as  to  pressure  differences 
necessary  to  drive  a  certain  amount  of  air  through  channel. 

We  will  assume  for  all  comparisons  a  velocity  of  10  ft.  per  second. 

THE  SQUARE  CHANNEL 

The  loss  for  two  square  elbows  (r  r=  1.1)  would  be  ^  yr 

10  X  10 

or X  1.15X  2  X  1.1  =  3.92  oz.  per  sq.  ft. 

2  X  32.16 

The  entrance  contraction  resistance  (r  =  1)  plus  the  exit  impact 
resistance  {r  ■=■-!)  would  be 

V^                          10  X  10 
X  y  Xr  = X  1.1  T)  X  2  X  1  =  3.58  oz.  per  sq.  ft. 


2^ 


2  X  32.16 
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The  frictional  losses  are  somewhat  more  complicated  to  deter- 
mine because  besides  the  above  values,  the  areas,  perimeter,  etc.,  of 
the  ducts  enter  into  its  determination. 

The  frictional  resistance  L  is  expressed  by  the  formula 

//p  V^~ 

L  = X  3' 

a  2g 

in  which  L  t=  loss  in  oz.  per  sq.  ft. 

/  =  length  of  duct  in  feet  3=  I/2  ft. 
p  r=  perimeter  in  feet  =  5  ft. 
/  ^   frictional  co-efificients  =  0.005 
a  =  area  in  sq.  ft.  =  0.208  sq.  ft. 
And  the  frictional  resistances  in  a  short  straight  piece  of  duct  w-ork 
would  be  as  f  ollow^s  : — 

O.OOo  X  0.5  X  5       10  X  10  X  1.15 

L  = X =  0.107  oz.  per  sq.  ft. 

0.208  2  X  32.1(5 

(It  will  be  seen  that  the  frictional  resistance  in  this  short  duct  is 
of  such  little  value  that  it  might  as  well  be  neglected.) 
The  total  would  be  3.58  oz.  per  sq.  ft. 

3.92    

.107"      "    "    " 


7.607  oz.  per  sq.  ft.  ^  83  =  0.092  in.  water. 
The  test,  however,  showed  only  0.032  in.,  which  is  a  very  poor 
theoretical  and  practical  comparison  ;  a  proportion  of  1  :2.88. 

THE  ROUNDED  CHANNEL 

The  loss  for  elbows  (r  =  0.15)  is  as  follows  : — 
V-  10  X  10 

X  V  X  r  = X  1.15  X  2  X  0.15  =  0.537  sq.  ft. 

2g  2  X  32.16 

Entrance  and  impact  losses  as  before  =  3.58  oz.  per  sq.  ft. 

Friction  losses  =  (negligible,  there  being  no  duct  length) 

Total  =  0.537  +  3.58  =  3.95  oz.  per  sq.  ft.  -4-  83  =  0.0475  in. 
water. 

Losses  from  test  =  0.019  in.  water. 

Proportion  1 :2.5. 

In  no  case  has  an  allowance  been  made  for  bringing  the  air  in  the 
channel  in  motion,  because  according  to  the  laws  of  conversion  of 
energ}%  the  power  required  to  do  this  work  would  again  be  avail- 
able when  the  air  current  is  coming  to  rest.  We  would  merely  be 
making  an  allowance  for  building  up  kinetic  energy  which  would 
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again  become  potential  energy  when  the  air  current  comes  to  rest. 

It  will  be  seen  that  the  theoretical  resistances  are  greater  than 
accurate  testing  results  indicate  them  to  be.  On  the  other  hand, 
most  all  co-efficients  are  usually  increased  by  the  authors,  some  15 
to  20  per  cent  for  safety  reasons.  (This  is  small  when  considering 
that  usually  400  to  500  per  cent  are  allowed  in  construction  work.) 
Consequently,  the  above  result  should  be  reduced  about  25  per  cent 
in  order  to  come  back  to  the  actual  testing  condition  from  which  the 
co-efficients  were  determined. 

It  is  therefore  self-evident  the  theoretical  results  would  be  greater 
than  the  practical  results. 
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FIGS.    8    AND    9.      DIAGRAMMATIC    VIEWS    INDICATING    EFFECTS    OF    EXIT 

IMPACT    RESISTANCE   AND   ENTRANCE   CONTRACTION    RESISTANCE, 

FOR  QUIET  AIR. 


2.  Comparing  theory  and  test  results  as  to  co-efficients  of 
resistances:  Let  R  be  the  total  resistance  of  channel,  which  the  flow- 
ing air  encounters  in  the  channel  and  L,  the  pressure  difference  as 
measured  by  instruments. 

v  L2g 

Then  L  = yR  and  R  = 

2g '  V"-y 

in  which  all  other  values  are  the  same  as  heretofore.    For  the  square 
channel,  according  to  tests,  L  =  2.66  oz.  per  sq.  ft. ;  then 
2.6G  X  2  X  32.16 

R  — —  1.48 

10  X  10  X  1.15 
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For  the  rounded  channel,  L  =  1.58  oz.  per  sq.  ft. ;  then 

1.58  X  3  X  32.16 
R  = —  .88 


10  X  10  X  1.15 


If  we  study  carefully  the  Figs.  5  and  6  and  consider  that  there  are 
no  entrance  losses  on  the  narrow  sides,  because  the  sides  of  channels 
and  the  sides  of  box  or  compartment  are  flush,  it  is  quite  possible 
that  our  test  results  may  be  correct. 

3.  Comparing  theory  and  test  results  as  to  velocity  of  air  secured 
under  certain  pressure  differences :— With,  the  pressure  difference 
L  maintained,  we  secured  10  ft.  velocity  per  second.     According  to 

^9  V=     njq' 

formula  L  = yR  and  -y| — ,  in  which  R  is  the  total 

yo  y   yR 

assumed  resistance,  which  is  4.2.     For  the  square  channel  then  we 
would  determine  according  to  theory,  a  velocity  of 


(2.66  X  2  X  32.16 
i      1.15  X  4.2 

and  for  the  round  channel,  according  to  theory,  a  velocity  of 


y^     p.bbX 

\      1.15  X  4.2  =  5.95  ft.  per  second 


/1.58  X  2  X32.16  _^.  ,  :a  u        u 

V  =:\ =  6.2  ft.  per  second  would  have  been 

^f      1.15  X  2.3 

determined. 

We  secured,  according  to  test  in  each  case,  10  ft.  per  second,  or 
1.68  and  1.61  times  as  much  as  we  would  have  theoretically  deter- 
mined. These  values  neglect  the  very  small  frictional  losses.  It  is, 
of  course,  natural  that  the  theoretical  velocities  should  come  closer 
to  the  test  velocities,  because  the  velocities  vary  with  the  square  root 
of  the  pressure  maintained. 

CONCLUSION 

Altogether,  it  would  seem  that  tests  of  this  kind  cannot  as  yet  be 
dispensed  with  because  we  have  scarcely  sufficient  co-efficients  of 
resistances  at  our  disposal  to  determine  flow  of  air  in  any  other  but 
the  most  ordinary  duct  systems,  and  this  as  yet  with  no  scientific 
accuracy. 
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DISCUSSION 

F.  R.  Still:  When  Mr.  ( )hnies  first  submitted  this  paper  he  was 
inclined  to  withdraw  it ;  he  stated  that  he  only  submitted  it  because 
he  had  agreed  to  prepare  something  but  was  not  at  all  satisfied  with 
the  results  because  the  tests  were  so  widely  at  variance  with  ac- 
cepted practice  that  he  didn't  want  to  have  them  published  until  he 
had  conducted  further  investigations.  We  finally  persuaded  him 
that  it  was  just  the  kind  of  matter  that  we  all  wanted. 

He  has  started  something  that  should  be  followed  up  to  learn 
why  the  results  are  not  in  accordance  with  accepted  theories.  The 
main  difference  is  probably  due  to  the  small  equipment  experimented 
with,  which  exaggerates  the  conditions  and  might  be  entirely  miss- 
ing in  larger  apparatus. 

I  think  this  paper  is  very  interesting,  as  it  leads  into  a  field  of  in- 
vestigation that  has  not  heretofore  been  investigated.  We  have 
done  some  experimenting  to  determine  the  friction  of  elbows  of 
different  shapes. 

Old  investigations  to  determine  the  friction  of  elbows  are  no  good, 
because  they  don't  agree  with  the  later  results  as  obtained  with  the 
modern  Pitot  tube. 

I  am  very  glad  to  see  him  start  this  investigation  and  hope  he  will 
keep  it  up  until  he  solves  the  problem,  as  all  of  us  in  this  Society 
are  very  deeply  interested  in  it :  perhaps  a  great  deal  more  than  some 
of  us  think :  the  importance  of  this  question  is  getting  bigger  and 
bigger  as  time  goes  on.  I  hope  to  be  able  to  check  his  work  and  see 
what  we  get. 

Prof.  J.  R.  Allen  :  I  am  very  much  interested  in  Mr.  Ohmes' 
paper.  We  are  doing  some  work  along  the  same  line,  but  on  pipe 
resistance.  Our  work  has  been  with  small  pipes  at  low  velocities,  and 
we  find  that  small  pipes  at  low  velocities  make  our  friction  very 
much  higher  than  we  ordinarily  supposed,  from  the  tables  given  in 
the  ordinarv  text  books. 
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VENTILATION  STANDARDS 
AND  THE  SYNTHETIC  AIR  CHART 

By  Dr.  E.  \'.  Hill,  Chicago,  III. 
Member 

DECIDED  opinions  are  often  expressed  as  to  the  relative 
methods  of  natural  vs.  mechanical  ventilation.  Contro- 
versies are  heard  regarding  upward  vs.  downward  systems, 
or  plenum  vs.  exhaust  methods ;  in  fact  two  persons,  possibly  ex- 
perts, may  differ  widely  in  their  opinions  as  to  the  ventilation  of  a 
given  room  at  a  given  time.  We  know  that  so-called  natural  ven- 
tilation, by  means  of  windows,  has  a  very  limited  field  of  effective 
application.  This  is  the  reason  for  the  development  of  mechanical 
methods.  We  know  also  that  many  mechanical  systems  are  unsatis- 
factory, frequently  due  to  unintelligent  operation,  often  to  faulty 
design. 

It  is  obvious  that  if  the  ideal  air  'conditions  are  produced  and 
maintained  in  a  room  it  is  immaterial  whether  this  result  is  secured 
by  natural  ventilation  or  by  mechanical,  upward  or  downward,  by 
plenum  or  exhaust,  or  by  any  other  method.  It  is  also  true  that  the 
development  in  recent  years  of  air  moving  machines,  of  air  cleansing 
and  humidifying  devices  and  of  automatic  volume,  temperature  and 
humidity  controlling  apparatus  has  reached  a  degree  of  perfection 
that  makes  it  possible  and  practicable  to  produce  and  maintain  any 
air  condition  in  a  room  that  may  be  desired. 

Lastly,  experimental  research  and  the  data  collected  by  observa- 
tion and  analysis  of  actual  conditions  have  reached  a  point  where 
it  is  possible  to  say  what  conditions  are  detrimental  to  health  and 
comfort,  and  what  are  necessary  if  satisfactory  results  are  to  be 
obtained. 

If  the  reader  is  willing  to  grant  the  truth  of  the  foregoing  state- 
ments without  further  argument,  he  is  led  to  certain  important 
logical  conclusions,  viz  :  to  bring  the  many  perplexing  ventilation 
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problems  into  the  orderly  procession  of  the  other  sciences,  a 
standard  of  ventilation  must  be  established  and  accurate  methods 
devised  for  determining  when  that  standard  is  maintained  or  what 
percentage  of  variation  from  the  standard  exists.  When  such  a 
standard  is  adopted  and  recognized,  with  necessary  test  methods,  the 
conflicting  opinions  regarding  windows  as  against  mechanical  ven- 
tilation, or  one  system  as  against  another,  will  immediately  dis- 
appear. It  will  be  necessary  only  to  apply  our  standard  to  the  test 
of  the  room  in  question.  The  means  used  will  receive  little  atten- 
tion, the  results  only  being  of  value.  We  will  then  be  able  to  com- 
pare also  the  various  methods  in  use  and  to  quickly  determine  which 
is  the  most  desirable. 

I  wish  to  emphasize  once  more  that  this  is  the  important  prob- 
lem— not  liozv  to  accomplish  the  desired  end,  but  hozv  to  know 
when  that  end  has  been  attained.  The  need  is  not  for  improvement 
in  mechanical  equipment  but  in  methods  of  testing  to  determine 
with  greater  accuracy  what  the  equipment  accomplishes,  and  more 
than  all  else,  a  satisfactory  standard  by  which  conditions  may  be 
compared. 

The  writer  brought  this  matter  to  the  attention  of  The  American 
Society  of  Heating  and  Ventilating  Engineers  at  its  summer 
meeting  in  July  of  1913,  and  argued  for  the  adoption  of  such  a 
standard.  I  again  took  up  the  matter  at  the  Annual  Meeting  in 
1914.  At  the  meeting  in  1915  I  proposed  certain  tentative  or  pro- 
visional standards  that  were  then  in  use  by  the  Division  of  Ventila- 
tion of  The  Chicago  Health  Department.  The  opinion  expressed  by 
some  of  the  members  at  this  time  was  that  sufficient  information 
was  not  available  to  warrant  even  the  tentative  adoption  of  such 
standards  at  that  time. 

Early  in  1916  I  designed  an  air  condition  test  record  (see  Fig.  1) 
in  which  the  proposed  standard  was  arranged  on  a  vertical  line 
through  the  center  of  the  chart.  If  test  results  were  standard  they 
would  coincide  with  this  standard  line  and  variations  from  this 
line  would  indicate  the  degree  of  variations  from  conditions  desired. 
The  results  of  a  school  room  test  are  plotted  in  a  heavy  dotted  line 
to  illustrate  the  method  of  using  the  chart.  It  soon  became  evident 
that  this  scheme  had  many  defects.  That  portion  of  the  chart 
below  the  humidity  percentage  line  was  very  satisfactory  except 
that  we  found  our  standards  of  CO2  and  bacteria  were  too  low. 
The  difficulty  lay  with  the  arrangement  of  the  temperature,  air 
movement  and  humidity.  If  approximately  standard  conditions  of 
any  or  all  of  these  three  were  found  to  prevail  the  results  were 
satisfactory,  but  certain  combinations  might  occur  that  when  plotted 
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would  be  misleading;  to  illustrate,  a  temperature  of  74  deg.  with  a 
relative  humidity  of  30  per  cent  would  in  reality  be  a  better  com- 
bination from  the  standpoint  of  comfort  than  if  the  relative  hu- 
midity were  40  with  this  temperature,  though  it  would  not  so  appear 
when  plotted  on  the  chart.  Again,  a  temperature  of  62  with  a  rela- 
tive humidity  percentage  of  60  would  be  ideal  but  not  with  an  air 
movement  of  70  ft.  per  min.,  which  is  also  ideal  in  this  position  on 
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the  chart.  In  other  words,  there  is  a  definite  relation  between  the 
variations  of  temperature,  relative  humidity  and  air  motion  that 
cannot  be  accurately  shown  on  this  chart. 

The  next  design  was  made  in  circular  form  and  tried  with  but 
little  more  success.  The  chart  shown  in  Fig.  2  w-as  next  devised  in 
an  attempt  to  overcome  this  difficulty.  In  this  chart  the  temperature, 
humidity  and  air  motion  were  so  arranged  that  they  each  approached 
and  receded  from  the  standard  line,  which  was  horizontal,  the  idea 
being  that  penalization  would  result  in  variations  from  standard  in 
either  direction,  e.g.,  if  they  were  too  high  or  too  low.  The  per- 
centage feature  was  also  introduced  in  the  following  manner : 
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The  chart  contains  1,000  squares  above  the  standard  Hne.  Test 
results  were  plotted,  as  shown  by  the  dotted  Hne,  and  the  number 
of  squares  below  the  test  line  subtracted  from  1,000,  the  result 
being  the  percentage  of  standard. 

A  similar  difficulty  was  experienced  in  the  use  of  this  chart  as 
with  the  chart  shown  in  Fig.  1.  Penalization  resulted  with  certain 
combinations  of  temperature,  relative  humidity  and  air  motion  which 
we  knew  were  not  justified  by  the  conditions;  for  instance,  a  tem- 
perature of  74  with  a  relative  humidity  of  30  per  cent  has  never 
been  shown  to  be  less  desirable  than  a  temperature  of  68  with  a 
relative  humidity  of  40,  yet  with  this  chart  the  former  condition 
would  be  penalized  6  per  cent  while  the  latter  would  be  perfect. 

After  giving  this  matter  considerable  study  I  came  to  the  conclu- 
sion that  more  definite  information  regarding  the  relations  of  tem- 
perature, humidity  and  air  motion  to  each  other  in  their  bearing  on 
comfort  must  be  secured  before  a  workable  chart  could  be  designed. 
In  October,  1916,  I  discussed  this  problem  at  the  Illinois  Chapter 
meeting  of  the  The  American  Society  of  Heating  and  Ventilat- 
ing Engineers  and  suggested  that  the  Society  take  up  the  question 
and  make  some  tests  to  throw  much  needed  light  on  this  subject.  I 
stated  that  a  room  should  be  equipped  so  that  any  combination  of 
temperature,  humidity  or  air  motion  could  be  maintained  and  their 
relation  experimentally  determined.  Mr.  A.  H.  Schroth,  of  the  firm 
of  Cameron  Schroth  Co.,  immediately  volunteered  to  equip  such  a 
room  in  their  factory  building  without  expense  to  myself  or  the 
Society.  Needless  to  say,  this  generous  ofifer  of  Mr.  Schroth's  was 
accepted  and  the  work  started  immediately. 

Fig.  3  shows  this  room  with  the  equipment  for  making  the  tests 
referred  to.  The  space  was  formerly  a  small  store  room  2(3}^  ft. 
long  by  11  wide  with  a  13  ft.  ceiling.  The  room  faced  on  Rush  St. 
A  smaller  room  at  the  rear  was  used  for  a  waiting  room  for  the 
subjects.  In  the  test  room  three  cast-iron  radiators  were  connected 
to  a  riser  on  the  south  side  of  the  room,  the  radiators  consisting  of 
50,  100  and  50  sq.  ft.,  respectively,  so  arranged  that  50,  100,  150  or 
200  sq.  ft.  could  be  used  as  desired.  On  the  same  riser  near  the 
ceiling  a  2  in.  pipe  was  connected  and  arranged  so  that  live  steam 
could  be  admitted  through  a  perforated  portion  of  the  pipe  to  in- 
crease the  humidity  to  any  point  desired. 

In  the  center  of  the  room  at  the  east  end,  a  30  in.  centrifugal  fan 
was  installed  with  suitable  speed  control  and  the  floor  laid  off  in 
front  of  the  outlet  at  2  ft.  intervals.  By  moving  the  chair  of  the 
subject  backward  or  forward  along  the  scale  on  the  floor,  and  by 
changing  the  speed  of  the  fan,  any  velocity  could  be  obtained  from 
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0  to  2800  ft.  per  min.  By  properly  manipulating  the  direct  radiators 
and  the  humidifier,  a  temperature  range  was  obtainable  from  94  deg. 
to  28  deg.,  and  a  relative  humidity  from  100  per  cent  to  18  per  cent. 

A  cardboard  screen  (not  shown  on  the  plan)  was  used  to  pro- 
tect the  subject  from  the  radient  heat  from  the  radiators.  The  result 
of  the  tests  are  shown  in  Fig.  4.  On  all  of  the  points  the  relative 
humidity  is  noted  inside  of  the  circle  and  the  wet  bulb  temperature 
outside. 

At  first  some  preliminary  tests  were  made  with  various  combina- 
tions of  temperature,  humidity  and  air  motions  selected  at  random. 
These  are  shown  on  the  chart  (Fig.  4)  as  points  that  are  not  on  the 
principal  vertical  velocity  lines.  Later  we  adopted  the  procedure 
of  selecting  a  certain  velocity,  say  for  instance  300  ft.,  getting  the 
humidity  as  high  as  possible  and  the  temperature  as  low  as  possible, 
then  by  increasing  the  temperature,  the  humidity  was  lowered  and 
observations  made  as  to  comfort  with  these  variations,  the  velocity 
remaining  constant. 

In  all,  37  tests  were  made,  most  of  them  repeated  with  two  and 
sometimes  three  subjects.  No  attention  was  paid  at  this  time  to 
the  wet  bulb  temperature,  the  idea  being  to  determine  what  com- 
binations of  dry  bulb  and  relative  humidity  were  comfortable  at 
certain  air  velocities.  After  completing  these  records,  however,  we 
discovered  that  the  comfortable  wet  bulb  temperature  was  surpris- 
ingly constant  for  any  given  velocity  and  that  this  wet  bulb  increased 
with  the  velocity.  The  averages  of  the  wet  bulb  temperatures  at 
each  velocity  were,  therefore,  taken,  it  being  clear  that  there  was  a 
comfortable  wet  bulb  temperature  for  each  velocity,  and  the  com- 
fort curve  plotted  shown  in  Fig.  5.  This  curve  indicates  that  with- 
out air  motion  a  wet  bulb  temperature  of  56  deg.  is  comfortable. 
With  a  100  ft.  velocity  the  wet  bulb  should  be  increased  to  58  deg. 
At  a  300  ft.  velocity  the  wet  bulb  should  be  63  deg.,  etc.,  the  wet 
bulb  increasing  directly  with  the  velocity. 

The  fact  that  our  tests  showed  a  wet  bulb  of  56  deg.  comfortable 
without  air  motion,  caused  me  to  go  back  to  the  tests  made  by  Pro- 
fessor Shepherd  in  the  early  part  of  1912,  from  which  the  "Comfort 
Zone  Chart"  was  constructed.  This  chart  is  one  of  the  notable 
achievements  of  The  Chicago  Commission  on  Ventilation.  The  ex- 
periments from  which  it  was  made  were  conducted  in  a  specially 
equipped  class  room  and  during  regular  school  hours.  The  equip- 
ment was  such  that  the  temperature  and  humidity  could  be  main- 
tained at  any  desired  point.  Students  were  questioned  at  certain 
intervals  regarding  their  sensations  of  comfort  and  the  results  care- 
fully recorded.     There  were  in  all  152  observations  made. 
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The  original  arrangement  of  this  chart,  shown  in  Fig.  6,  was  not 
such  as  to  bring  out  the  comfort  zone  to  the  best  advantage.  While 
studying  this  matter  in  1914,  I  connected  the  points  of  the  same 
character  with  the  lines,  thus  dividing  it  into  five  zones,  the  so-called 
"Comfort  Zone"  running  diagonally  across  the  chart  from  the  upper 
left  hand  corner  to  the  lower  right  hand  corner.  Through  the  center 
of  this  zone  a  straight  line  was  plotted,  which  we  called  the  line  of 
comfort  (see  Fig.  Tj.  Any  point  taken  on  this  line  indicates  the 
combination  of  temperature  and  relative  humidity  that  is  most 
comfortable  for  a  person  at  rest  and  in  ordinary  attire.  The  chart 
has  been  more  or  less  extensively  used  since  that  time  and  was,  so 
far  as  I  know,  the  best  experimentally  compiled  test  data  on  this 
subject. 

During  the  past  winter  in  going  over  a  number  of  tests  con- 
ducted by  the  \'entilation  Division  engineers  of  the  Chicago  Health 
Department,  in  buildings  of  various  types  of  occupancy,  it  developed 
that  in  numerous  instances,  where  the  relations  between  temperature 
and  humidity  were  in  accordance  with  the  Comfort  Zone  Chart,  the 
occupants  complained  of  being  too  cold.  This  was  especially  true 
where  the  humidity  was  low.  In  fact,  it  appears  to  be  the  rule  rather 
than  the  exception  that  rooms  where  a  temperature  above  70  deg. 
and  a  relative  humidity  of  ."iO  j^er  cent  or  less  are  maintained,  are  not 
warm  enough  for  the  average  individual. 

Studying  the  question  further  it  became  evident  that  one  factor 
which  may  be  of  considerable  importance  in  determining  comfort  is 
not  given  consideration  in  this  chart,  and  that  is  the  question  of  air 
motion.  If  there  is  any  perceptible  air  motion  a  higher  temperature 
or  a  higher  humidity  must  be  maintained. 

As  previously  mentioned  in  the  discussion  of  our  observations  in 
the  test  room,  we  determined  that  without  air  motion  the  wet  bulb 
temperature  of  56  deg.  was  comfortable.  I,  therefore,  plotted  the 
comfort  points  from  Professor  Shepherd's  chart  and  by  averaging 
the  points  drew  an  average  test  curve,  which  is  shown  in  Fig.  8,  and 
on  this  curve  plotted  the  wet  bulb  temperature  of  56  deg.  By  com- 
paring these  curves  it  will  be  noted  that  at  a  dry  bulb  temperature 
below  65  deg.  they  are  surprisingly  similar.  As  the  temperature 
increased,  however,  above  65  deg.,  the  56  deg.  wet  bulb  curve  passes 
several  degrees  above  that  of  the  average  curve  from  the  points 
noted  by  Professor  Shepherd.  It  is  extremely  probable  that  the 
56  deg.  wet  bulb  approaches  much  closer  to  the  condition  of  com- 
fort than  the  average  test  curve,  as  it  is  a  matter  of  common  knowl- 
edge that  a  temperature  of  71  deg.  with  a  relative  humidity  of  30 
per  cent  is  not  warm  enough  for  comfort.     The  statement  so  fre- 
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quently  met  with  in  the  literature  of  the  day  that  flat  dwellers  keep 
their  rooms  too  warm  is  only  an  illustration  of  this  fact.  The 
relative  humidity  during  the  winter  in  apartments  that  are  not  hu- 
midified artificially  is  seldom  above  30  per  cent  and  it  is  necessary 
to  maintain  a  temperature  of  74  deg.,  at  least,  under  these  conditions. 
The  average  wet  bulb  without  air  motion  in  our  tests  is  almost 
exactly  56  deg.  and  I  am  satisfied  that  this  point  will  be  verified  by 
future  observations.  In  this  connection  it  is  interesting  to  note  some 
results  obtained  by  the  late  Professor  Busey  and  reported  in  the 
Transactions  of  this  Society  on  page  126  of  1912  (Vol.  XVIII). 
His  observations  form  the  discussion  of  a  paper  presented  by  Mr. 
J.  I.  Lyle  on  "Relative  Humidity  in  Its  Effects  on  Comfort  and 
Health."  The  entire  paper  is  a  valuable  contribution  to  the  Society's 
literature  and  merits  the  careful  study  of  all  members  interested  in 
this  subject.  The  table  submitted  by  Professor  Busey,  however,  is 
of  especial  interest  to  me  in  this  connection.  He  records  in  the 
table  referred  to  29  observations  made  to  determine  the  efifect  of  the 
relative  humidity  of  a  room  in  producing  moisture  or  steaming  of 
the  windows.  He  notes  carefully,  among  other  things,  the  wet 
bulb  temperature  and  the  sensation  of  comfort.  As  this  part  only  of 
the  chart  is  of  value  in  this  connection  I  will  omit  the  other  portions 
and  quote  the  following: 
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Wet  Bulb 

Too  warm 61 

"       60 

Comfortable   59 

56.5 

55 

56 

Too  warm   58.5 

"       58.5 

Comfortable    55.5 

54.5 

Chilly    55.5 

Comfortable 59.5 

63 

57 

i)i 

Pleasant    59.5 

Comfortable    54 

54 

Chilly    54.5 

Comfortable    55 

57.5 

58 

56 

58 

58 

57 

56.5 

55.5 

The  average  of  the  comfortable  wet  bulb  temperature  on  this 
table  is  56.5.  It  is  true  that  there  are  some  records  of  "pleasant" 
where  the  wet  bulb  is  as  high  as  59.5,  but  I  am  inclined  to  believe  that 
these  are  a  little  warmer  than  is  really  comfortable  for  an  extended 
period.  Possibly  the  observer  came  in  from  uncomfortable  outdoor 
conditions  and  the  observations  were  made  too  closely  following  such 
exposure.  At  any  rate  the  average  wet  bulb  temperature  of  56.5  is 
surprisingly  close  to  the  results  obtained  in  our  tests. 

The  statement  quoted  from  Dr.  J.  S.  Haldane  by  Mr.  Lyle  in  this 
article  is  interesting  in  this  connection.  He  takes  the  stand  that  the 
wet  bulb  temperature  is  the  determining  factor  of  comfort  and 
recommends  a  maximum  of  75  deg.  in  the  cotton  weaving  sheds  in 
England.    Mr.  Lylc's  arguments  against  this  statement  are  extremely 
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interesting  but  not  to  my  mind  convincing.  The  reason  why  the 
constant  wet  bulb  temperature  is  the  determining  factor  in  the  com- 
fort of  the  subject  I  have  tried  to  illustrate  diagrammatically  in  Fig. 
9.  The  curves  are  not  based  on  any  observations  or  tests,  but  are 
pure  assumptions,  although  work  is  now  under  way  to  determine 
them  as  accurately  as  possible. 

On  the  left  border  of  the  chart  the  variations  in  the  dry  bulb 
and  relative  humidity  are  shown  which  maintain  a  constant  wet  bulb 
of  56  deg.  Curve  A  illustrates  how  heat  loss  by  convection  from  the 
body  is  somewhere  in  the  neighborhood  of  425  B.t.u.s  per  hour  at 
an  air  temperature  of  56  deg.,  but  gradually  decreases  to  zero  when 
the  air  is  at  the  same  temperature  as  that  of  the  body.  Curve  B  illus- 
trates how  the  evaporation  from  the  body  both  through  the  lungs 
and  skin  is  somewhere  in  the  neighborhood  of  50  heat  units  per 
hour  at  a  temperature  of  56  deg.  and  how  this  increases  to  approxi- 
mately 400  heat  units  per  hour  at  body  temperature.  A  decreases 
as  the  temperature  goes  up  and  the  relative  humidity  comes  down  ;  B 
increases  under  the  same  conditions,  the  sum  of  the  two  curves 
shown  as  curve  A  -)-  B  indicating  a  fairly  constant  heat  loss  under 
these  varying  conditions  of  temperature  and  relative  humidity  which 
maintain  a  constant  wet  bulb  of  56  deg. 

CONCLUSIONS 

First — Comfort  depends  upon  air  conditions  that  allow  the  normal 
heat  losses  from  the  body  without  the  undue  exercise  of  the  heat 
regulating  mechanism. 

Second — Other  things  being  equal  the  heat  loss  is  approximately 
constant  if  the  wet  bulb  temperature  is  constant. 

Third — The  comfortable  wet  bulb  temperature  increases  with  the 
air  motion. 

Having  now  the  necessary  data  to  complete  the  Synthetic  Air 
Chart  the  arrangement  shown  in  Fig.  10  was  adopted.  The  air 
motion  curve  shown  in  Fig.  6  was  plotted  for  each  temperature  from 
50  to  100  deg.  and  a  relative  humidity  from  100  to  10  per  cent,  the 
wet  bulb  temperatures  comfortable  for  the  various  air  velocities 
being  the  points  that  determine  the  curves.  On  the  left  border  of  the 
chart  four  narrow  columns  are  added,  making  a  reduction  of  two 
degrees  from  at-rest  conditions  when  the  subject  was  doing  light 
work,  four  degrees  for  moderate  work  and  six  degrees  for  hard 
work. 

This  is  the  form  of  the  chart,  with  the  exception  of  the  physical 
state  column  just  described,  as  it  was  presented  at  the  Annual  Meet- 
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ing  of  The  American  Society  of  Heating  and  Ventilating 
Engineers  in  January  of  this  year  and  described  in  the  Journal  of 
the  Society  for  April,  1917.  The  method  of  recording  test  results 
and  penalizing  for  variations  from  the  ideal  will  be  described  more 
fully  below  under  "Theory  of  the  Chart" : 


theory  of  the  chart 

The  theory  on  which  the  chart  is  based  is  as  follows:  All  of  the 
known  factors  that  determine  the  ventilation  of  a  given  space  are 
included  and  an  appropriate  weight  given  to  each.  These  factors 
may  be  conveniently  combined  into  three  principal  groups : 

1 — Temperature,   humidity   and   air  motion,   which  we   will  call 

Group  No.  1. 
2 — Dust,  bacteria  and  odors  (group  No.  2). 
3 — Air  supply  and  carbon  dioxide  (group  No.  3). 

Each  group  is  in  a  certain  sense  complete  in  itself  and  its  ap- 
propriate part  of  the  chart  embraces  conditions  from  the  ideal  to  the 
unlivable;  to  illustrate,  consider  Group  No.  1,  Fig.  11.  The  range 
of  this  group  is  from  56  deg.  wet  bulb  at  its  lower  border,  which  is 
the  ideal  condition  without  air  motion,  to  106  wet  bulb  at  the  top  of 
the  chart,  which  would  mean  a  minimum  dry  bulb  of  106  deg.  Under 
these  conditions  the  body  could  give  off  no  heat  either  by  convection 
or  evaporation  and  death  would  speedily  ensue.  As  we  have  no 
reason  for  believing  otherwise  than  that  the  unfavorable  conditions 
become  uniformly  worse  as  the  wet  bulb  varies  from  the  ideal,  the 
divisions  from  56  to  106  deg.  are  uniform.  This  is  also  true  for  the 
other  two  groups,  2  and  3.  The  logic  is  the  same  for  Group  No.  3, 
that  is,  the  range  of  the  chart  is  from  four  parts  of  carbon  dioxide 
at  the  lower  border  to  312^  at  the  upper  margin.  Four  parts  repre- 
sent an  infinite  supply  of  outdoor  air;  312  parts  represent  1/3  cu.  ft. 
of  air  per  person  per  minute,  which  is  the  minimum  amount  required 
for  respiration  and  below  which  life  could  not  exist  for  any  length 
of  time.  The  gradations  in  the  chart  are  uniform  between  these 
points. 

Group  2  is  based  on  the  same  theory  and  comprises  dust,  bac- 
teria and  odors,  the  ideal  condition  being  air  free  from  dust,  which 
is  zero  on  the  chart;  free  from  bacteria,  which  is  also  zero,  and  free 
from  odors,  which  is  indicated  by  100  per  cent  perfect.  The  upper 
border  of  this  group  is  250,000  dust  particles  per  cubic  foot,  500  bac- 
teria on  a  two-minute  plate,  and  zero  per  cent  with  respect  to  freedom 


^Spacing  was  more  convenient  for   304,  hence  this  numfber   was  adopted. 
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MOnrFICATIOX    OF    THE    SYNTHETIC    AIR    CHART    INTRODUCING 
AIR    MOTION    CURVES. 
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from  odors,  the  idea  being  that  a  combination  of  these  three  condi- 
tions in  this  extreme  degree  would  be  unlivable.  While  there  is  some 
latitude  for  argument  regarding  the  upper  border  of  group  2  there 
can  be  none  for  groups  1  and  3.  The  determination  of  the  upper 
border  of  group  2  has  been  the  subject  of  considerable  investigation 
and  study  and  is  as  accurate  as  can  be  determined  at  this  time. 

Each  group  is  divided  into  1000  squares  and  it  is  plain  that  if  1000 
is  taken  as  the  basis  for  percentage  determinations,  the  worst  condi- 
tions that  could  occur  in  any  one  of  the  three  groups  would  in  itself 
make  the  total  rating;  that  is,  the  percent  of  perfect  zero  and  the 
worst  possible  conditions  in  all  three  would  give  a  percentage  of 
— 200.     This,  however,  would  never  occvir  under  actual  conditions. 

The  only  difference  between  the  charts  in  Figs.  10  and  11  just 
described,  is  that  on  the  former  the  penalization  was  based  on  the 
dry  bulb  temperature,  while  on  the  latter  it  is  based  on  the  tempera- 
ture as  shown  by  the  wet  bulb  and  the  conditions  of  physical  state 
shown  in  the  vertical  columns  of  Chart  No.  10  are  shown  as  four 
air  motion  curves  in  Chart  No.  11.  We  now  have  on  Chart  No.  11 
in  group  1  the  wet  bulb  plotted  as  ordinate  and  the  dry  bulb  and 
air  motion  as  abscissae.  The  air  motion  curves  indicate  the  desirable 
wet  bulb  temperature  for  any  air  velocity  for  subjects  at  rest,  doing 
light  work,  doing  moderate  work  or  heavy  work.  The  relative  hu- 
midity curves  from  100  per  cent  to  0  are  also  plotted  on  this  chart 
for  convenience.  In  using  this  part  of  the  chart  we  proceed  as 
follows : 

From  test  data  we  note  the  wet  bulb  temperature.  This  is  indi- 
cated by  the  horizontal  line  connecting  this  wet  bulb  temperature 
and  the  appropriate  air  motion  curve.  We  next  note  from  the  test 
data  the  air  motion  that  prevailed  and  connect  by  the  horizontal  line 
this  point  on  the  appropriate  air  motion  curve  with  the  wet  bulb 
that  is  desirable  for  this  velocity.  The  number  of  squares  between 
these  two  horizontal  lines  across  this  portion  of  the  chart  is  the 
amount  of  penalization.  The  method  of  plotting  test  results  for 
groups  2  and  3  are  perfectly  apparent  and  have  been  previously 
described. 

The  last  column  in  the  chart  which  has  not  been  mentioned,  that 
of  distribution,  was  obtained  by  deducting  100  squares  from  each 
of  the  three  groups  previously  described  and  combining  them  as  the 
distribution  column.  This  procedure  can  have  no  logical  defense 
but  it  is  justified  for  practical  purposes. 

The  percentage  of  distribution  is  determined  from  the  variation 
of  the  amount  of  COg  in  the  different  parts  of  the  room  from  the 
average  CO,  content  of  a  room  as  a  whole.     To  determine  the 
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percentage  of  perfect  ventilation,  the  number  of  squares  that  fall 
below  the  test  line,  which  is  plotted  across  the  chart,  are  subtracted 
from  1000  and  the  result  recorded  in  the  last  column  headed  "Per- 
cent of  Perfect." 

The  value  of  the  chart  lies  in  the  following  features  : 

1.  The  relative  humidity  can  be  determined  from  test  data  without 

reference  to  other  tables  or  charts. 

2.  The  desirable  combinations  of  temperature,  relative  humidity 
percent  and  air  motion  that  maintain  comfort  are  easily  deter- 
mined. 

3.  The  relative  importance  of  the  various  factors  that  influence  air 

conditions  is  indicated. 

4.  It.  is  a  convenient  method  of  recording  test  data. 

5.  Its  chief  value,  however,  is  as  a  comparative  standard  in  ventila- 
tion test  work. 


No.  466 
ARE  SCHOOLROOMS  DRIER  THAN  DESERTS? 

By  George  T.  Palmer,*  New  York,  N.  Y. 
Member 

THE  statement  has  been  made  on  numerous  occasions  that 
the  air  of  schoolrooms  in  our  northern  chmate  during  win- 
ter weather  is  drier  than  the  air  of  deserts.  We  are  led 
further  to  infer  that  this  greater  dryness  of  the  air  makes  us  feel 
dry  and  that  in  consequence,  our  work  suffers  and  our  health  is 
jeopardized.  The  schoolroom  is  judged  drier  than  the  desert  be- 
cause it  has  a  lower  relative  humidity.  The  above  evil  effects  are 
thus  laid  primarily  at  the  door  of  low  relative  humidity.  The  present 
paper  is  an  effort  to  remove  from  the  shoulders  of  low  relative 
humidity  the  full  weight  of  this  charge  and  to  show  that  what 
guilt  there  is  should  be  shared  by  other  factors  as  well. 

In  an  article  on  the  humidity  of  the  air  in  schoolrooms,  Brown 
(1!)11)  states  that  a  schoolroom  with  37  per  cent  relative  humidity 
is  no  better  than  a  desert  and  that  the  humidity  in  schoolrooms 
should  be  more  like  that  found  outdoors.  Readings  made  indoors 
during  October  and  November  at  Worcester,  Mass.,  showed  average 
relative  humidities  of  44  per  cent  in  October  and  37  per  cent  in 
November.  Readings  reported  from  deserts  are  as  follows  (tem- 
peratures not  given")  : 


Percentage   Relative 
Location  Humidity 

Trans  Caspian  Desert  in  Asia 19-40 

Tripoli,  Africa   33 

Sahara    27 

Lahore.  India   31 

Death  Valley,  Cal 23 

Pueblo     46 


^  Chief   of   Investigating   Staff,   New   York   State   Commission   on   Ventilation. 

Presented  at   the   .Semi-Annual   Meeting  of  The  .American   Sotiety   of   IIeatinc,  a.\d 
Ventilating   E.ngineers,   Chicago,   III.,  July,   1917. 
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Starkey  and  Barnes  (1906)  report  an  instance  where  children  in 
Montreal,  who  slept  in  an  atmosphere  with  humidities  of  38  and  40 
per  cent,  exhibited  chronic  cono^estion  of  the  nose  and  throat,  where- 
as other  children  of  the  family  sleeping  in  rooms  with  windows  open, 
the  relative  humidity  being  50  to  55  per  cent,  showed  no  such 
effects. 

Average  readings  of  temperature  and  humidity  are  given  as 
follows    : 

October  December  February 

Average  relative  humidity  outdoors,  per  cent 88  79  79 

Average  temperature  indoors,  deg.   fahr 64  65  66 

Average   relative   humidity   indoors    (windows   closed), 

per    cent    58  46  42 

Average    relative    humidity    indoors    (windows    open), 

per  cent  66  58  57 

(The    separate    indoor    temperatures    for    windows    closed    and    windows    open    are    not 
given.) 

More  recently  in  an  article  on  the  aridity  of  living  rooms  in  cold 
weather  by  Flora  (191?),  of  the  U.  S.  Weather  Bureau  Service, 
attention  is  called  to  the  greater  dryness  of  living  rooms  in  Topeka, 
Kansas,  as  compared  with  deserts,  viz. :  "It  is  somewhat  startling 
to  learn  that  a  majority  of  people  in  the  northern  half  of  the  United 
States  live  in  ultra-desert  conditions  during  the  winter  time.  This, 
however,  can  be  proved  by  a  careful  measurement  of  indoor  air  in 
cold  weather."  There  are  then  quoted  various  measurements  of 
relative  humidity,  as  follows : 


Average   Annual  Average    Relative 

Relative  Humidity   during 

Humidity.  -  drj'est  months 

I'er    Cent.  of  year,    and 

mouth 


Yuma,   Arizona    43  35        June 

Santa  Fe,  New   Mexico 45  29        June 

Pueblo,   Colorado    46 

Death    Valley,    California 23  ( May-Sept.  1891 ) 

Topeka,    Kansas    (Indoors,   winter),    In- 
door temperature,  72  deg.   fahr 23 


DRYNESS  RECORDS  IN  PUBLIC  SCHOOL  ROOMS 

If  relative  humidity  is  the  sole  criterion  of  dryness,  we  should 
expect  to  find  complaints  of  dryness  in  schoolrooms  with  low  rela- 
tive humidities. 

From  daily  records  collected  by  the  New  York  State  Commission 
on  Ventilation  in  Public  School  A,  during  the  period  Dec.  11,  191G. 
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to  Jan.  31,  1917,  the  average  relative  humidity  was  found  to  be  25.6 
per  cent.  There  were  184  school  sessions  measured  in  four  differ- 
ent rooms  and  on  .j'J  of  these  sessions  the  teacher  of  the  room  com- 
plained of  dryness.  This  suggests  a  serious  effect  of  low  relative 
humidity. 

Measurements  were  also  made  during  the  same  period  in  three 
other  classrooms,  readings  being  made  on  189  sessions.  The  aver- 
age relative  humidity  was  27.7  per  cent,  2.1  per  cent  higher  than 
in  the  other  rooms.  Dryness  was  complained  of  by  these  teachers 
on  only  four  sessions.  It  is  inconceivable  that  anyone  can  ascribe 
the  difference  in  the  sensation  of  dryness  to  this  2.1  per  cent 
diff'erence  in  relative  humidity.  We  must  look  into  the  other  air 
factors  in  the  two  types  of  rooms. 

In  the  rooms  complained  of  as  dry,  the  average  temperature  was 
68.08  deg.,  in  the  other  rooms  the  temperature  was  67.66  deg.  The 
dry  rooms  were  tlius  but  slightly  warmer.  In  the  rooms  complained 
of  as  dry,  the  air  flow  as  measured  at  the  opening  of  the  exhaust 
duct  with  an  anemometer,  averaged  about  1100  cu.  ft.  per  minute. 
These  rooms  were  ventilated  by  means  of  plenum  fans  and  gravity 
exhaust  ducts ;  the  incoming  air  passed  through  a  humidifying  pan 
in  the  basement;  the  windows  were  kept  closed.  The  course  of  air 
currents  was  such  as  to  sweep  or  flush  the  occupied  region  of  the 
room  eff'ectively  and  uninterruptedly.  The  effectiveness  of  air  flush- 
ing is  testified  to  by  the  carbon  dioxide  analysis  which  averaged 
6.39  parts  per  10,000. 

The  second  group  of  rooms  was  ventilated  by  means  of  open 
windows  and  gravity  exhaust  ducts.  The  air  flow  was  variable ;  at 
times  it  exceeded  1100  cu.  ft.  per  minute,  for  the  session;  at  other 
times  it  was  less  than  200  cu.  ft.  per  minute.  The  air  flow  was  thus 
neither  continuous  nor  uninterrupted ;  it  was  variable  and  it  was 
pulsating  or  periodic.  The  flushing  of  these  rooms  was  not  as  ef- 
fective as  in  the  others,  the  carbon  dioxide  rising  to  7.50  parts  per 
10,000.  (The  number  and  ages  of  the  pupils  were  about  equally 
balanced  in  the  two  groups.) 

The  air  in  these  two  groups  of  rooms  differed  mainly  in  the  rate 
of  replenishment  and  the  course  taken  by  the  air  in  passing  through 
the  room.  It  is  this  cause  then  which  seems  to  explain  the  difference 
in  dryness  in  the  two  cases  fully  as  much,  if  not  a  great  deal  more, 
than  relative  humidity. 

To  illustrate  further  the  inoffensiveness  of  low  relative  humidity 
under  certain  conditions  we  may  quote  specific  measurements  in  the 
two  types  of  rooms,  as  in  Table  1. 
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During  a  Hi  week  study  from  December  to  April  at  Public  School 
B,  the  teachers  reported  dryness  on  only  two  occasions  in  one  room 
and  not  once  in  the  other.  The  air  movement  factors  were  about 
equally  balanced.  The  respective  temperature  averages  were  6T.77 
deg.  and  67.00  deg. ;  the  relative  humidities  were  28.7  per  cent  and 
42.2  per  cent. 

At  Public  School  C  during  February  and  March,  1917,  three  fan 
ventilated,  humidified  rooms  were  contrasted  with  three  window 
ventilated,  unhumidified  rooms.  Both  types  of  rooms  had  gravity 
exhaust.     The  humidified  rooms  had  the  following  average  condi- 

TABLE   1.     EXAMPLES   OF  LOW   RELATIVE  HUMIDITY   AXD   ITS   EFFECT   ON 
THE  SENSATION  OF  DRYNESS. 


Relative 

Commission 

Temperature,  J 

Humldit.v. 

Teachers" 

Observer's 

Room    No. 

Date 

deg.    fahr. 

per  cent.          Moisture     Vote 

Moisture 
Vote 

Fan  \ 

EXTiL.\TED  Rooms 

304 

Jan. 

11,  p.m. 

67.5 

13 

Drv 

Drv 

Jan. 

12,  a.m. 

70.5 

12 

Drv 

O.K. 

Jan. 

12,  p.m. 

66.5 

11 

Dr'v 

O.IC 

308 

Jan. 

11,  p.m. 

71.0 

15 

Dr'v 

Dry 

Jan. 

12,  p.m. 

69.0 

11 

O.K. 

O.K. 

Jan. 

15,  a.m. 

67.0 

15 

O.K. 

O.K. 

Jan. 

15,  p.m. 

64.0 

17 

O.K. 

Dry 

Jan. 

19,  p.m. 

69.0 

14 

O.K. 

O.K. 

\\ 

IXDOW 

\'exttl 

.\ted  Rooms 

(Les 

s  air  movement 

in  occupied  portion 

of   room) 

503 

Jan. 

12,  a.m. 

70.0 

15 

O.K. 

O.K. 

Jan. 

19,  p.m. 

66.0 

17 

O.K. 

O.K. 

502 

Jan. 

12,  a.m. 

71.5 

18 

O.K. 

Drv 

Jan. 

12,  p.m. 

680 

16 

O.K. 

O.K. 

Jan. 

26,  p.m. 

64.0 

18 

O.K. 

O.K. 

312 

Jan. 

12,  a.m. 

70.0 

15 

O.K. 

O.K. 

Jan. 

17.  a.m. 

69.0 

13 

O.K. 

O.K. 

tions:  Temperature  67.8  deg.,  relative  humidity  38.0  per  cent, 
carbon  dioxide  5.7  parts  per  10,000;  the  unhumidified  rooms  had  a 
temperature  of  68.4  deg.,  a  relative  humidity  of  33.3  per  cent  and  a 
carbon  dioxide  content  of  8.6  parts.  There  were  complaints  of 
dryness  on  only  five  sessions  in  the  whole  study,  but  all  of  these 
complaints  were  associated  with  the  fan  ventilated,  humidified 
rooms,  the  rooms  with  the  higher  relative  humidity  and  the  lower 
temperature,  but  the  greater  air  circulation. 


THE  PHYSICS  OF  EVAPOR-\TIOX 


It  is  evident  from  the  above  that  air  does  not  necessarily  feel  dry 
just  because  of  its  low  relative  humidity.  If  the  feeling  of  dryness 
is  the  result  of  the  removal  of  water  by  evaporation,  there  is  no 
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reason  from  the  standpoint  of  physics  for  expecting  a  feeling  of 
dryness  solely  because  the  relative  humidity  is  low. 

The  reason  why  water  evaporates  or  becomes  a  vapor  or  gas,  is  be- 
cause there  is  a  force  acting  which  tends  to  make  water  leave  the 
surface  of  the  liquid  and  pass  into  the  air.  This  force  is  vapor  tension. 
The  vaporous  water  in  the  air  has  a  tension  or  pressure  and  the 
liquid  water  also  has  a  tension  or  pressure.  Water  flows  from  the 
point  of  higher  to  lower  pressure.  When  the  vapor  tension  of  the 
liquid  water  is  greater  than  that  of  the  air,  there  is  a  transference 
of  water  from  liquid  to  air — this  is  what  we  term  evaporation. 
When  the  air  tension  is  greater  water  passes  from  its  vaporous 
state  to  a  liquid  state — this  is  condensation.  The  greater  the  differ- 
ence in  vapor  tension  the  more  rapidly  does  the  change  m  state  take 
place. 

The  vapor  tension  of  a  liquid  increases  with  the  temperature. 
The  warmer  the  liquid,  the  greater  is  its  tendency  to  evaporate. 
Where  air  and  water  are  at  the  same  temperature,  and  the  air  is 
at  100  per  cent  relative  humidity,  neither  evaporation  nor  condensa- 
tion take  place.  The  vapor  tensions  of  air  and  liquid  balance.  To 
cause  evaporation  it  is  necessary  that  at  least  one  of  two  things 
should  happen  to  the  air,  viz :  1,  a  rise  in  temperature  which  auto- 
matically lowers  the  relative  humidity,  or  2,  a  decrease  in  relative 
humidity  of  the  air,  the  temperature  remaining  unchanged. 

Except  in  enclosed  places,  the  air  is  rarely,  if  ever,  at  100  per  cent 
relative  humidity.  If  allowed  to  stand  long  enough,  a  jar  of  water 
will  attain  the  same  temperature  as  the  surrounding  air;  by  reason 
of  the  under-saturated  state  of  the  atmosphere  commonly  occurring, 
evaporation  will  then  take  place.  Just  as  soon  as  evaporation  be- 
gins, the  water  content  of  the  air  immediately  above  the  surface  of 
the  liquid  becomes  greater  than  the  air  further  away.  The  tension 
of  the  air  immediately  over  the  liquid  is  thus  greater  than  that 
further  away ;  if  this  tension  builds  up  more  and  more,  evaporation 
will  be  reduced  accordingly.  The  way  to  prevent  this  tension  from 
building  up  is  to  move  the  higher  tension  air  away  and  bring  lower 
tension  air  in  contact  with  the  liquid.  This  is  the  effect  of  air  circu- 
lation. 

Evaporation  of  a  liquid  is  thus  encouraged  by  air  circulation 
which  in  substance  amounts  to  making  the  most  efficient  use  of  the 
natural  temperature  and  relative  humidity  of  the  air  at  large.  With 
poor  circulation,  vapor  tension  builds  up  near  the  surface  of  the 
liquid,  cutting  down  the  inherent  evaporative  power  of  the  air. 
With  good  circulation,  the  evaporated  water  is  carried  away  from 
the  surface  of  the  liquid  before  it  has  an  opportunity  to  accumulate. 
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In  the  natural  course  of  things  then,  evaporation  from  an  exposed 
body  of  water,  or  from  a  wet  surface,  depends  on  three  factors  in 
the  surrounding  air :  a.  temperature,  b.  relative  humidity  and  c.  rate 
of  air  movement. 

Now,  inasmuch  as  it  sometimes  happens  that  practical  demonstra- 
tions do  not  work  out  as  smoothly  as  the  theoretical  discussion  would 
lead  us  to  believe,  the  principles  above  enunciated  would  carry  more 
weight  if  supported  by  actual  measurements.  Supporting  data  are 
available  from  several  sources. 

EVAPORATION  MEASURED  WITH  THE  ATMOMETER 

The  evaporation  of  water  from  a  porous  clay  cup  has  been  studied 
and  reported  upon  at  length  by  Livingston  (1907).  In  the  year 
1907,  the  evaporation  rate  in  open  air  was  measured  simultaneously 
at  a  number  of  places  throughout  the  United  States  during  the 
months  of  July,  August  and  September ;  the  atmometer,  as  the  porous 


TABLE   2. 


COMPARATIVE   EVAPORATION    RATES   AS   DETERMINED   BY   THE 
ATMOMETER 


Vapor 

Cubic 

Pressure 

Centimeters 

of  Water 

Water   Evap- 

on   Cup 

orated   per 

Average 

W.    B.    Tem- 

Place 

Standard 

Average 

Relative 

Vapor 

perature   of 

Difference 

Cup 

Temperature, 

Humidity, 

Pressure 

Air. 

in    Vapor 

per  hour 

deg.  fahr. 

per  cent 

of  Air 

Saturated 

Pressure 

Mecca,  Cal 

1.92 

Laramie,    Wyo. .  . . 

1:77 

Tucson,  Ariz 

1.56 

Salt  Lake,  Utah.  . 

1.32 

76. 

32 

0.26 

0.48 

0.22 

Austin,  Texas    .  . . 

1.14 

P.  S.  C,  Fan  Ven- 

tilated   Humidi- 

fied Rooms    .... 

1.04 

67.7 

38 

0.26 

0.40 

0.14 

Raleigh,  N.   C... 

.94 

77. 

67 

0.63 

0.71 

0.08 

P.  S.  A,  Fan  Ven- 

tilated,   Unhu- 

midified  Rooms. 

.92 

69.1 

25 

0.18 

0.37 

0.19 

P.  S.  B,  Fan  Ven- 

tilated,   U  n  h  u  - 

midified  Rooms. 

.92 

68.9 

28 

0.20 

0.39 

0.19 

Eugene.    Oregon.. 

.91 

P.    S.    C,   Window 

Room    

.90 

68.4 

35 

0.24 

0.41 

0.17 

Gainesville,  Fla..  . . 

.85 

St.  Louis.  Mo 

.82 

79.0 

62 

0.62 

0.72 

0.10 

P.  S.  B,  Fan  Ven- 

tilated Rooms, 

Humidified    .... 

.77 

66.9 

41 

0.27 

0.42 

0.15 

P.   S.   A,  Window 

Room    

.74 

.58 

66.0 
72. 

28 
70 

0.18 
0.55 

0.37 
0.62 

0.19 

Chicago,  111 

0.07 

New  York  City.  . . 

.30 

71. 

68 

0.51 

0.60 

0.09 
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cup  is  called,  was  exposed  for  the  full  24  hours  of  the  day.  Dur- 
ing the  past  year,  our  Commission  has  used  this  same  type  of  instru- 
ment in  measuring  evaporation  in  schoolrooms,  the  atmometer  being 
exposed  merely  while  school  was  in  session  and  pupils  were  present 
in  the  room.  In  Table  2,  the  evaporation  rate  is  expressed  as 
cubic  centimeters  of  water  evaporated  per  standard  atmometer  per 


FIG.    1.     POROUS   CUP  ATMOMETER 

Instrument   devised    for    measuring   rate    of   evaporation   due   to   drying   power    of   air. 
The    apparatus    is    here    shown    mounted    on    a    U-tube,    one    arm    of    which    is    a    burette. 


hour.  The  average  temperature  and  humidity  of  the  schoolrooms 
are  likewise  reported.  No  similar  records  were  made  in  the  outdoor 
measurements.  An  idea  of  the  climatic  conditions  in  some  of  the  lo- 
cations may,  however,  be  gained  from  the  measurements  made  by 
the  U.  S.  Weather  Bureau.  The  data  for  the  months  of  July, 
August  and  September,  1912,  are  offered  in  lieu  of  other  more  ac- 
curate data.    Vapor  pressure  is  expressed  in  inches  of  mercury. 
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From  this  Table,  it  is  apparent  that  the  water  extractive  power  of 
the  air  is  appreciably  greater  in  the  desert  areas  (first  five  records). 
The  average  for  the  group  is  1.54  cc.  per  hour  compared  with 
0.85  cc.  the  average  for  all  the  schoolrooms.  The  average  relative 
humidity  of  the  desert  group,  we  shall  have  to  assume,  is  around 
32  per  cent,  the  -reading  at  Salt  Lake  City,  or  below,  that  for  the 
schools,  33  per  cent.  On  the  basis  of  the  atmomeier  results  the 
schoolrooms  are  not  as  drying  as  the  desert  areas.  In  fact,  the 
schoolrooms  standing  highest  in  evaporative  power  are  the  humidified, 
fan  ventilated  rooms  at  Public  School  C,  where  the  relative  hu- 
midity was  38  per  cent.  The  schoolrooms  ranking  lowest  in 
evaporative  power  were  the  window  ventilated  rooms  at  Public 
School  A,  with  a  relative  humidity  of  28  per  cent.  The  hiiinidificd 
rooms  with  relative  humidity  of  38  per  cent  actually  evaporated  40 
per  cent  more  water  than  the  unhumidified  rooms  of  28  per  cent 
relative  humidity. 

Evaporation  from  the  atmometer  cup  depends  upon  the  difference 
in  vapor  pressure  at  the  surface  of  the  cup  and  the  air  immediately 
adjacent.  The  vapor  pressure  at  the  cup  surface  is  practically  the 
same  as  that  indicated  by  the  wet  bulb  temperature  of  the  air  and 
100  per  cent  saturation.  It  will  be  noted  that  the  difference  in 
vapor  pressure  between  cup  and  air  is  greatest  for  Salt  Lake  City, 
which  stands  well  up  toward  the  top  in  the  Table.  The  differences 
for  the  schoolrooms  are  all  higher  than  any  of  the  other  outdoor 
readings  and  we  might  expect  the  schoolrooms  to  have  correspond- 
ingly high  evaporative  power.  The  fact  that  they  do  not  is  due  to 
their  very  low  air  velocities,  as  compared  with  the  outdoor  stations. 

EVAPORATION    MEASURED    WITH    THE    WET-RULB    KATA    THERMOMETER 

Another  method  of  comparing  evaporative  power  is  by  means  of 
the  Kata-thermometer  in  which  Dr.  Leonard  Hill  and  others  of 
England  have  worked  out  the  relationship  between  temperature, 
relative  humidity,  air  movement  and  rate  of  heat  loss  from  a  wet 
object.  The  water  evaporative  power  of  the  air  can  thus  be  meas- 
ured in  terms  of  calories  of  heat.  If  we  know  the  temperature, 
relative  humidity  and  air  velocity  we  can  then  compute  the  rate  of 
heat  loss  and  get  an  idea  of  the  comparative  evaporative  effects  of 
different  atmospheres. 

In  this  calculation,  we  may  take  a  typical  dry  schoolroom  condition 
for  New  York  City  as  70  deg.  temperature,  20  per  cent  relative 
humidity  and  an  air  velocity  of  25  ft.  per  min.  (based  on  a  3  in.  de- 
flection of  a  paper  flag  which  represents  a  force  equivalent  to  25  ft. 
per  min.  velocity).    The  desert  conditions  may  be  taken  as  100  deg. 
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temperature,  3U  per  cent  relative  humidity  and  an  air  movement  of 
500  ft.  per  min.  (about  5.7  miles  per  hour).  The  accuracy  of  this 
assumption  may  be  judged  from  the  following  records  of  desert 
air  taken  from  the  Report  of  the  Chief  of  the  Weather  Bureau, 
1912-1913,  U.  S.  Department  of  Agriculture: 


FIG.    2.     KATA-TIIERMOMETER    DEVISED    BY    DR.    LEONARD    HILL  . 

Instrument    for    measuring    rate    of    heat    loss    from    a    warm    dry    and    warm    moist 
surface.      The    illustration    shows    the    wet    and    dry    hulbs    supported    in    a    wooden    case. 


TABLE   3.     WEATHER   RECORDS   FROM   DESERT   AREAS 


Place 

Month 

Mean  Temperature 
deg.   fahr. 

8  A.  M.                8  r.  M. 

Mean    Humidity 
per  cent 

8  A.  M.                S  P.  M. 

Mean 

Hourly  Wind 

Velocity  for 

24  hours. 

Miles  per 

Hour 

Yuma,  Ariz.   . . . 

■  July 

70 

101 

70 

ZZ 

5.6 

August 

75 

100 

71 

28 

6.0 

Septeml)er 

75 

101 

59 

21 

5.0- 

Ft.  Worth.  Tex. 

.July 

76 

95 

61 

Zl 

10.0 

August 

74 

86 

11 

50 

9.5 

September 

67 

83 

75 

43 

9.1 

Phoenix,  Ariz.   . 

•  July 

75 

95 

58 

31 

4.6 

August 

76 

96 

59 

29 

3.9 

September 

66 

91 

46 

20 

Zl 
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The  conditions  to  be  compared  would  then  appear  as  follows 


Relative  Grains 

Temperature       Humidity,  Air   Velocity              Vapor  Moisture 

deg.  fahr.             per  cent  ft.  per  min.  Pressure  per  Cu.   Ft. 

Desert    100               30  500  0.575  3.953 

Schoolroom    70               20  25  0.146  1.596 


Inserting  the  values  of  the  Leonard  Hill  formula,  which  reads  as 
follows  :    //  (for  the  wet  bulb  alone)  =  (0.085  +  0.056  VVx.447) 

[(F-f)2oAY^ 

where  H  =  millicalories  of  heat  loss  per  sq.  cm.  per  second 
y   =z  velocity  in  miles  per  hour 
F    --=  vapor  pressure  at  97.7  deg.  saturated 
f     =  vapor  pressure  at  temperature  and  humidity  of  air. 

We  get  H  =  36.8  for  the  desert  air  and  15.2  for  the  schoolroom 
air.  In  other  words,  the  desert  air  has  the  greater  deheating  powder 
through  the  medium  of  evaporation.  .  From  the  standpoint  of  the 
wet  kata-thermometer  whose  temperature  varies  from  100  to  95 
deg.,  the  desert  air  is  the  more  drying. 

There  will  probably  have  occurred  to  the  reader  ere  now  the  dis- 
tinction between  dryness  of  air  and  dryingncss  of  air.  The  typi- 
cal desert  air  which  was  used  in  the  last  calculation  had  3.953  grains 
of  moisture  per  cu.  ft.  The  typical  schoolroom  air  had  1.596  grains 
of  moisture  per  cu.  ft.  The  schoolroom  air  is  the  drier  of  the  two ; 
it  contains  less  moisture.  The  desert  air  is  the  more  drying  of  the 
two  as  measured  by  the  kata-thermometer  wet  bulb  and  by  the  at- 
mometer  as  indicated  in  Table  2. 

EVAPORATION   OF   WATER   FROM    THE   LIVING  BODY 

In  spite  of  the  above  we  are  not  at  liberty  to  reason  blindly  that 
because  the  atmometer  and  the  kata-thermometer  lose  more  water 
in  desert  air,  that  the  human  body  will  necessarily  do  so  and  it  is 
the  human  body  in  which  we  are  primarily  interested  in  the  present 
discussion. 

The  surface  of  the  atmometer  cup  is  wet ;  the  surface  of  the  wet 
kata-thermometer  bulb  is  wet,  saturated  with  water — these  instru- 
ments are  wet  regardless  of  the  temperature.  This  is  not  true  of 
the  human  body;  the  clothed  body  never  presents  a  saturated  sur- 
face to  the  surrounding  air.  It  is  nearer  saturation  in  summer  than 
in  winter ;  in  winter  neither  the  clothes  nor  the  skin  are  wet.    There 
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is  perhaps  an  extremely  thin  fihii  of  moisture  on  the  skin  surface  at 
all  times,  but  the  water  area  exposed  in  winter  is  ever  so  much 
less  than  in  summer  when  sweat  is  exuding  from  the  pores  in  quan- 
tity. With  less  water  surface  exposed  there  is  bound  to  be  less 
evaporation.  Thus  the  human  body  differs  from  the  atmometer  and 
wet  bulb  kata-thermometer  in  that  the  area  of  its  water  surface  is 
largely  dependent  on  temperature,  the  temperature  of  the  air  and  the 
temperature  of  the  body. 

Independently  then  of  relative  humidity  and  air  movement,  and 
in  this  differing  from  the  two  instruments  referred  to,  the  human 
body  loses  a  greater  quantity  of  water  at  higher  temperatures. 

The  human  body  is  a  heat  producing  and  heat  eliminating  machine. 
It  must  keep  up  a  temperature  around  98  deg.  fahr.  in  order  to  main- 
tain the  life  processes ;  this  temperature  must  be  kept  constant  within 
narrow  limits.  The  body  meets  this  requirement  through  a  wonder- 
fully organized  system  of  temperature  control.  It  produces  heat 
by  calling  for  fuel  or  muscular  activity.  It  eliminates  heat  chiefly 
by  three  methods,  namely,  radiation,  convection  and  evaporation. 
Ordinarily  the  bulk  of  heat  loss  is  through  radiation  and  convection ; 
at  the  higher  air  temperature,  however,  radiation  becomes  less  ef- 
fective and  the  burden  is  shifted  over  to  evaporation.  Rubner  in 
experiments  on  a  fasting  dog  shows  that  at  59  deg.  fahr.,  88  per 
cent  of  the  heat  lost  was  by  radiation  and  only  12  per  cent  by  evapo- 
ration. At  SG  deg.  the  radiation  loss  is  only  59  per  cent  of  the  total, 
whereas  evaporation  is  taking  care  of  41  per  cent.  These  differences 
would  be  even  more  striking  in  man  because  the  entire  skin  surface 
is  available  for  eva])oration  ])urposes  whereas  the  dog  must  depend 
wholly  on  the  mouth. 

In  the  100  deg.  desert,  man  keeps  his  body  temperature  from  ris- 
ing by  evaporating  water  from  skin  and  lungs ;  heat  loss  by  radia- 
tion is  ineitective.  The  entire  burden  of  heat  dissipation  must  be 
borne  by  the  sweat  glands  of  the  skin  and  the  moist  membranes  of 
the  respiratory  passages.  The  amount  of  water  given  off  through 
the  lungs  and  skin  under  these  two  conditions  may  be  approximated 
in  the  following  calculations ;  the  data  are  taken  from  the  studies 
of  Benedict  and  Milner  (1903) — heat  output  of  a  150  lb.  man  at 
rest  is  344  B.t.u.  per  hour  at  room  temperature  (probably  70  deg. 
and  55  per  cent  relative  humidity)  ;  the  water  output  through  the 
lungs  and  skin  amounted  to  33  grams. 

Assuming  heat  output  less  in  hot  desert  by  reason  of  decreased 
heat  production,  let  us  use  300  I'.t.u.  per  hour ;  latent  heat  of  vapori- 
zation of  water  at  98  deg.  is  al)Out  1040  R.t.u.  per  lb.  of  water. 
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300 

— —  =  0.294  lb.  of  water  per  hour  or  134   grams  of  water  per 

1040 
hour. 

When  the  body  is  getting  rid  of  all  its  heat  through  vaporization 
there  is  given  off  134  grams  of  water  per  hour.  This  is  about 
four  times  the  amount  of  water  given  off  at  room  temperature  and 
55  per  cent  relative  humidity.  The  amount  given  off  at  70  deg. 
and  a  much  lower  humidity,  say  20  per  cent,  would  probably  be 
more  than  33  grams,  but  the  ratio  of  4  to  1  would  not  be  greatly 
changed  for  Benedict's  results  show  that  the  water  output  is  ever 
so  much  more  dependent  on  heat  production  or  work  than  relative 
humidity  of  the  air. 

From  the  foregoing,  it  appears  that  the  human  body,  with  its 
regulatory  mechanism,  would  lose  more  water  in  desert  air  than  in 
dry  schoolroom  air,  just  as  do  the  atmometer  and  the  wet  bulb  kata- 
thermometer.  This  brings  us  to  the  point  where  we  may  ask : — 
Do  we  feel  dry  just  in  proportion  to  the  rate  at  which  we  lose 
water?    Generally  so,  although  not  altogether  so. 

THE    SENSATION    OF    DRYNESS    AND    ITS    CAUSE 

There  are  instances  in  our  experience  where  we  lose  relatively  a 
small  amount  of  water  and  still  feel  dry.  On  a  hot  summer  day, 
we  lose  vast  quantities  of  water  through  the  elimination  of  sweat  and 
its  evaporation.  We  feel  dry,  but  it  is  only  when  we  are  unable  to 
make  up  this  water  loss  by  drinking  that  the  feeling  of  dryness  be- 
comes acute. 

On  a  cold,  v\-indy  day  in  winter  we  feel  dry.  This  sensation  must 
come  not  from  a  water  loss  that  is  at  all  comparable  with  the  summer 
illustration,  but  from  the  appreciable  e\'aporation  of  what  water  is 
accessible  on  the  skin,  and  the  failure  of  the  cold,  contracted,  water- 
less skin  surface  to  keep  the  supply  up  to  the  demand.  We  feel  dry 
in  the  w^inter  time  in  certain  adequately  air-flushed  schoolrooms  par- 
ticularly if  they  are  slightly  warm.  This  Teeling  would  seem  to  be 
due  not  so  much  to  excessive,  as  to  rapid,  evaporation  from  the  skin 
with  consequent  insuflicient  water  replacement. 

Chapped  hands  and  lips  are  more  likely  to  be  due  to  cold  than  to 
the  dryingness  of  the  air.  Indoors,  in  winter  weather,  the  exposed 
skin  is  relatively  devoid  of  moisture.  It  is  kept  pliable,  however,  by 
the  secretion  from  the  oil  glands.  Greasy  skins  are  characteristic 
of  cold  weather,  whereas  moist  skins  are  observed  in  warm  weather. 
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Exposure  to  cold  contracts  the  skin,  shutting  off  the  flow  of  water 
as  well  as  oil.  Washing  the  hands  and  face  tends  to  remove  what 
little  oil  is  secreted  and  encourages  the  chapped  condition. 

A  cold  windy  day  tends  to  roughen  the  face  because  there  is  ap- 
preciable evaporation  of  water  and  oil  on  a  contracted  skin  surface 
which  is  thus  limited  in  its  water  and  oil  output.  The  lips  become 
chapped  because  they  do  not  possess  oil  ducts  and  evaporation  of 
moisture  leaves  them  without  a  lubricant.  The  hands  chap  more 
readily  than  the  face  because  they  are  less  plentifully  supplied  with 
oil  glands  and,  being  located  farther  from  the  main  heat  supply  of 
the  body,  are  more  subject  to  chilling  and  contraction.  They  are 
also  washed  more  frequently. 

EVAPORATION  OF  WATER  FROM  THE  NOSE  AND  LUNGS 

In  considering  the  relation  between  the  more  drying  atmospheres 
and  the  body,  we  should  not  lose  sight  of  the  differences  in  ex- 
posure to  which  the  skin  and  the  membranes  of  the  nose  and  throat 
are  subjected.  It  was  explained  that  the  kata-thermometer  wet  bulb 
did  not  represent  the  true  condition  of  the  body  because  the  body 
was  not  equally  wet  at  all  temperatures  as  was  the  thermometer 
bulb.  The  skin  surface  is  visibly  more  moist  at  the  higher  tempera- 
tures. The  mucous  membrane  of  the  nose  is  wet  at  all  tempera- 
tures. It  is  perhaps  somewhat  more  moist  at  the  higher  tempera- 
tures by  reason  of  the  fact  that  the  membranes  are  more  distended 
and  thereby  offer  a  larger  evaporative  area,  but  it  never  attains 
dryness  comparable  to  the  skin.  Because  of  this  fact  and  also 
because  the  nose  is  less  subject  to  changes  in  the  velocity  of  air 
currents,  it  is  possible  that  the  water  extracted  from  the  nose  is 
greater  in  the  warm  schoolroom  than  in  the  desert.  At  least  the  rela- 
tive output  of  water  from  the  nose  compared  to  the  skin  is  much 
greater  in  winter  than  in  summer.  To  this  extent,  then,  schoolroom 
air  is  actually  drier  and  has  greater  drying  power  than  the  air  of 
the  desert. 

In  cool  air,  the  nose  evidently  possesses  the  power  of  counter- 
acting this  effect,  for  the  membranes  can  then  contract  and  thus 
diminish  their  evaporative  surface.  They  still  give  off  moisture, 
but  less  in  amount.  If  the  nose  then  is  weakened  by  excessive 
dehydration,  it  would  appear  that  this  condition  is  more  a  result  o'f 
heat  than  of  dryness.  This  conclusion  is  in  agreement  with  the  fact 
that  the  nose  of  the  person  who  works  in  the  warm,  moist  atmos- 
phere of  laundries  appears  to  be  in  worse  condition  than  the  nose 
of  the  fireman  and  boiler  tender  who  are  exposed  to  warm,  dry 
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atmospheres.  Furthermore,  from  unpublished  studies  accessible  to 
the  Commission  on  the  prevalence  of  respiratory  affections  among 
school  children,  it  appears  that  high  temperature  and  not  low  rela- 
tive humidity  is  associated  with  increased  cases  of  respiratory 
affection. 

In  short,  the  sensation  of  dryness  seems  to  be  associated  with  the 
rate  of  water  loss,  the  quantity,  and  the  adequacy  of  the  replace- 
ment process. 

SUMMARY 

1.  We  may  conclude  this  paper  by  stating  that,  in  the  first  place, 
schoolrooms  admittedly  dry  and  drying  do  not  appear  to  be  as 
dangerous  to  health  as  deserts.  This  assertion  is  based  on  a  fa- 
miliarity with  many  schoolrooms  in  the  Northeastern  States  and  a 
perusal  of  the  accounts  of  desert  conditions  in  the  works  of  geogra- 
phers and  travellers.  Warm,  dry  schoolrooms  have  without  doubt 
been  the  cause  of  many  headaches,  lowered  vitality,  colds  and  inat- 
tentiveness,  but  even  so,  the  results  do  not  seem  as  severe  as  the 
effect  of  desert  air.     Two  citations  will  illustrate  this : 

Huntington  (1915)  states  that  "In  such  a  place  as  Death  Valley 
in  summer,  with  the  thermometer  at  100  to  135  deg.  in  the  shade,  it 
is  almost  impossible  to  drink  enough  water  to  preserve  normal 
physiological  conditions.  Even  a  brief  period  of  physical  activity 
gives  rise  to  much  discomfort,  and  people  who  stay  through  the 
summer  are  in  danger  of  suff"ering  permanent  injury  to  health." 

Macfie  (1909)  observes  that  a  "Too  dry  climate,  or  rather  a  cli- 
mate with  too  great  drying  capacity,  seems  in  time  to  have  an  ex- 
haustive effect  on  the  European  constitution.  .  .  .  The  extreme 
summer  heat  of  the  African  desert  is  certainly  most  enervating  and 
there  can  be  little  doubt  that  many  lives  have  been  lost  by  a  com- 
pulsory summer  sojourn  on  the  South  African  Karroo." 

2.  Schoolroom  air  may  and  does  contain  less  moisture  during 
much  of  the  winter  season,  than  desert  air. 

3.  Schoolroom  air  has  as  low  or  lower  relative  humidity  than 
desert  air. 

4.  Schoolroom  air  does  not  extract  as  much  moisture  from  wet 
objects  nor  from  the  human  body  as  desert  air. 

5.  On  the  basis  of  their  dehydrating  power,  schoolroom  air  is  not 
dryer  than  the  air  of  deserts. 
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6.  Schoolrooms,  at  low  relative  humidity  but  without  excessive, 
continuous  air  flow  and  too  great  warmth  (over  68  deg.),  do  not 
ordinarily  even  feel  uncomfortably  dry. 

T.  Relative  humidity  by  itself  is  thus  a  criterion  of  neither  dry- 
ness, nor  dryingness,  nor  the  sensation  of  dryness. 
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JOINT  DISCUSSION 

OF 

VENTILATION  STANDARDS  AND  THE 
SYNTHETIC  AIR  CHART 

By  Dr.  E.  V.  Hill,  Chicago,  III.  (Member) 
and 

ARE  SCHOOLROOMS  DRIER  THAN  DESERTS? 

By  (jEorge  T.  Palmer,  New  York,  N.  Y.  (Member) 

The  President:  To  some  of  us  at  least  there  is  nothing  in  the 
heating  and  ventilating  field  of  more  interest  than  this  subject  that 
Dr.  Hill  has  so  ably  covered.  We  have  all  been  at  a  loss — those  of 
us  that  have  studied  this  problem — as  to  how  to  get  at  these  various 
factors,  and  I  think  that  Dr.  Hill  is  to  be  complimented  upon  the 
splendid  way  in  which  he  has  taken  it  up,  and  the  rational  way  of 
dividing  the  chart. 

Dr.  Palmer  has  covered  the  subject  which  he  treats  splendidly 
and  shows  various  instruments  for  measuring  heat  loss  from  the 
body.  In  the  first  part  of  his  paper  Dr.  Palmer  brings  out  what 
Dr.  Hill  has  spoken  of,  the  effect  not  only  of  the  temperature  and 
the  relative  humidity  on  the  wet  bulb  but  also  of  the  air  motion,  and 
he  further  brings  out  the  point  that  although  he  has  shown  instru- 
ments for  measuring  the  heat  that  may  be  lost  from  the  instrument 
that  does  not  necessarily  represent  exactly  how  the  heat  would  be 
lost  from  the  body  because  the  wet  bulb  that  is  used  in  these  instru- 
ments is  continuously  kept  wet  while  the  l)ody  isn't  necessarily 
always  wet  and  a  portion  of  it  is  covered  with  clothing  that  to  a 
large  extent  prevents  rapid  evaporation. 

A.  K.  Ohmes:  I  agree  with  Dr.  Hill  that  standards  are  desired 
but  I  believe  he  should  refer  rather  to  "standards"  than  to  one 
standard.  It  is  evident  that  climatic  conditions  in  our  country  will 
demand  different  standards  absolutely.  A  standard  for  Chicago 
will  not  fit  Florida  or  the  PhiHppine  Islands.  If  you  were  to  put  the 
people  in  the  Philippine  Islands  in  a  60  deg.  temperature  at  perhaps 
60  per  cent  humidity,  I  think  they  would  freeze  to  death. 

It  is  the  same  here  in  Chicago.  To-day  we  have  perhaps  85  or  86 
deg.  temperature  outside  and  the  temperature  over  there  is  86  deg. 
We  have  perhaps  .-)5  or  60  per  cent  humidity.  This  would  be  abso- 
lutely outside  of  the  comfort  zone,  but  if  we  were  put  in  an  at- 
mosphere here,  of  about  66  deg.  temperature  and  40  per  cent  hu- 
miditv  we  would  feel  most  un.comfortal)le. 
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People  eat  less  in  the  summer  months  than  in  the  winter  months. 
They  have  less  fuel  in  them — less  heat.  My  experience  with  these 
standards  is  that,  of  course,  for  the  ordinary  winter  months  and  for 
a  certain  locality,  if  people  are  fed  substantially  ahke  and  dress 
alike  and  otherwise  are  in  the  same  healthy  and  hygienic  conditions, 
that  a  standard  is  all  right,  but  it  can't  be  applied  throughout. 

I  hope  that  Dr.  Hill  will  change  his  paper  to  that  extent  and  make 
it  plain  that  this  is  a  Chicago  standard  that  might  well  be  applied  to 
other  localities  but  only  for  the  winter  months. 

I  have  had  considerable  experience  in  the  way  of  cooling  rooms. 
We  had  a  chiffon  dyeing  establishment  a  couple  of  years  ago  where 
we  maintained  about  G2  deg.  temperature  with  substantially  100 
humidity.  On  a  day  like  this,  the  owners  of  the  place  wouldn't  go 
into  the  room — it  was  too  cold  for  them  and  they  couldn't  stand  it. 

As  soon  as  the  temperature  gets  around  60  deg.  the  laborers  will 
strike.     They  Avant  at  least  (iG  deg.  and  the  100  per  cent  humidity. 

In  a  chocolate  factory  it  is  desirable,  on  account  of  the  melting 
the  chocolate,  not  to  have  more  than  60  deg.  temperature  in  those 
rooms,  again  with  a  very  high  humidity.  I  have  seen  frail  girls  fade 
away  because  of  the  cold  with  05  deg.  outside  temperature. 

Prof.  J.  R.  Allen  :  I  think  there  is  something  in  what  Mr. 
Ohmes  has  said,  that  different  localities  will  require  probably  dif- 
ferent standards.  I  have  noticed  that  when  I  was  living  in  Con- 
stantinople temperature  of  50  in  a  room  with  a  humidity  very  high, 
probably  up  to  90  per  cent,  it  didn't  seem  to  aff'ect  anybody  there, 
but  I  suffered  intensely.  However,  as  long  as  the  students  were 
willing  to  accept  the  conditions,  I  didn't  want  to  complain  because  I 
had  been  accustomed  to  entirely  different  interior  conditions  to  what 
they  are  accustomed  to.  The  customs  of  the  people  have  a  material 
effect  upon  the  conditions  that  must  be  maintained  in  the  building. 

J.  y.  Blackmore:  This  paper  touches  upon  many  important 
matters  and  deals  with  a  subject  upon  which  I  made  some  investiga- 
tion a  year  ago.  Aly  investigations  lead  me  to  corroborate  what 
Mr.  Ohmcs  has  said — that  diff'erent  standards  are  required  for 
different  localities,  that  environment  has  a  great  deal  to  do  with  the 
standards  needed  to  give  satisfactory  conditions. 

Prof.  Allen  introduces  a  pertinent  question  when  he  says  it  was 
uncomfortable  for  him  in  a  certain  room  while  it  was  satisfactory 
for  the  students.  The  condition  of  the  individual  and  the  previous 
environment  he  has  recently  been  in  will  make  a  considerable  dif- 
ference as  to  the  kind  of  a  comfort  zone  he  requires  in  another 
room  or  location. 
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I  want  to  direct  more  particularly  the  attention  of  the  members 
to  the  fact  that  there  is  no  fixed  standard  in  nature  outside  and  we 
are  supposed  to  be  creatures  of  our  environment.  If  our  environ- 
ment doesn't  call  for  fixed  standards,  we  are  certainly  creating  arti- 
ficial standards  when  we  intend  to  fix  them  inside  our  buildings. 

I  think  it  will  be  found  that  humidity  should  be  varied  quite  con- 
siderably, temperature  should  be  varied ;  instead  of  arrogating  to 
ourselves  a  temperature  of  70  in  zero  weather,  I  feel  quite  certain 
that  we  would  be  under  better  conditions  if  the  temperature  was 
varied  from  60  to  75,  that  when  the  temperature  goes  down  to  60 
the  women  and  the  men,  too,  would  be  in  better  health  if  they  would 
put  on  an  extra  jacket  or  something  to  keep  in  the  heat,  rather  than 
to  stir  up  the  furnace.  Anyone  who  studies  natural  conditions  will 
inevitably  come  to  this  conclusion. 

I  feel  that  in  investigating  this  subject  we  have  not  considered 
the  outside  conditions  sufficiently  to  be  able  to  make  proper  com- 
parisons with  those  that  we  find  generally  inside.  In  other  words, 
we  have  created  an  artificial  condition  in  our  buildings  that  is  detri- 
mental to  the  human  race  and  that  as  a  consequence,  man's  life  has 
been  very  materially  shortened  and  his  health  has  suffered.  We  can 
increase  the  average  of  human  life  by  bringing  about  proper  en- 
vironment in  our  buildings  which  would  be  more  in  accordance  with 
that  provided  by  nature. 

The  President  :  Dr.  Hill  did  me  the  honor  to  mention  my  paper 
of  1911,  which  was  written  in  a  time  when  we  didn't  know  a  great 
deal  of  this  subject — but  in  it,  I  pointed  out  that  it  was  the  com- 
parative condition  between  inside  and  outside  that  had  to  be  taken 
into  account. 

For  instance,  I  pointed  out  that  in  a  great  many  textile  mills  where 
they  carry  exceedingly  high  humidities,  with  wet  bulb  temperatures 
as  high  as  82  deg.,  and  the  mills  are  not  humidified  and  cooled  to  the 
extent  that  this  was,  the  operators  would  prefer  the  mill  having  the 
high  wet  bulb  temperature  with  the  somewhat  higher  humidity  and 
a  lower  temperature,  to  the  mill  with  the  higher  temperature  and 
lower  humidity. 

But  one  thing  I  didn't  point  out  was  that  the  mill  with  the  higher 
wet  bulb  temperature  had  a  very  much  greater  air  change,  a  very 
much  more  rapid  air  change.  I  know  that  what  Mr.  Ohmes  said  is 
true.  You  go  into  chocolate  dipping  rooms  or  other  plants  of  that 
kind  and  you  are  immediately  chilled  on  a  hot  day — that  is,  going 
in  from  a  hot  outside  atmosphere,  you  are  shocked  to  an  extent. 
That  same  condition,  of  course,  does  not  prevail  when  the  tem- 
perature outside  is  cold,  as  you  will   feel  warmed  in  going  into 
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same  atmospheric  conditions.  I  don't  believe  that  we  ought  to  main- 
tain fixed  standards  of  either  temperature  or  humidity.  I  mean  very- 
exact  standards  so  far  as  our  comfort  and  health  is  concerned. 

I  believe  that  we  can  stand  higher  temperatures  and  higher  hu- 
midities in  summer  than  we  can  in  winter.  I  pointed  out  to  the 
Committee  that  was  appointed  by  the  National  Council  of  Defence 
to  determine  the  standards  of  humidity  which  could  be  used  or 
should  be  allowed  in  industrial  plants,  that  they  had  in  my  opinion 
made  a  great  error  in  adopting  the  English  standards,  or  the  stand- 
ard of  what  was  known  as  the  Cotton-Weave  Shed  Act,  in  w^hich 
the  humidities  and  temperatures  allowable  were  fixed  by  the  English 
Government. 

Our  climate  is  so  greatly  dififerent  from  England's  where  they 
never  have  a  wet  bulb  temperature  taken  by  a  psychrometer  higher 
than  TO  deg.,  while  we  have  them  on  record  as  high  as  78  or  79  deg., 
and  I  have  taken  a  few  personally  a  high  as  80  deg.  We  cannot 
adopt  the  English  standard  for  America,  when  our  outside  condi- 
tions are  so  very  much  higher. 

D.  L.  Gaskill:  Mr.  Blackmore's  remarks  and  those  of  Mr. 
Ohmes  have  brought  up  a  subject  that  is  very  near  to  the  hearts  of 
the  district  heating  men.  We  have  had  it  in  our  minds  for  some 
time  that  the  standard  of  temperature  that  we  maintain  in  this 
country  is  too  high  and  it  is  one  of  the  things  that  we  wanted  to 
pass  over  to  The  American  Society  of  Heating  and  Ventilat- 
ing Engineers  for  their  consideration. 

The  managers  of  the  district  heating  companies  are  generally  of 
the  opinion  that  the  standard  of  temperature  as  maintained  in  this 
country  is  too  high  for  health,  but  we  further  know  that  the  minute 
we  approach  the  subject  the  public  will  say  we  are  doing  it  for  the 
purpose  of  reducing  our  costs.  We  think  that  if  The  Heating  and 
Ventilating  Engineers  would  advocate  lower  temperature  under 
certain  conditions  for  health  it  might  bring  about  some  relief  and 
certainly  in  this  day  of  high  costs,  it  would  be  extremely  desirable  if 
this  relief  should  be  obtained. 

We  would  like  very  much  if  The  American  Society  of  Heating 
AND  Ventilating  Engineers  would  take  up  this  subject  and  con- 
sider whether  it  is  not  desirable  to  establish  a  lower  standard  similar 
to  thit  used  in  the  foreign  countries  and  get  people  educated  away 
from  the  high  temperatures  that  we  maintain  in  this  country.' 

Jas.  H.  Davis:  There  is  no  question  but  what  environment  has 
something  to  do  with  this  question  of  humidity  and  temperature.  I 
was  particularly  struck  with  the  fact  that  in  England  in  going  into 
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some  of  the  large  restaurants,  the  ladies  in  full  dress  seemed  to  be 
perfectly  comfortable  when  I  was  cold,  and  the  temperature  as  near 
as  I  could  find  out  was  about  60  deg. 

Dr.  E.  V.  Hill:  There  were  one  or  two  things  mentioned  by 
those  discussing  the  paper  to  which  I  wish  to  reply.  The  first  one 
is  the  statement  made  by  Mr.  Blackmore  that  there  were  no  stand- 
ards of  ventilation  in  nature.  I  think  if  we  give  this  question  a 
little  further  consideration  we  will  find  that  there  are  very  decided 
standards  in  nature,  and  in  localities  where  nature  has  lived  up  to 
these  standards  we  find  conditions  ideal  and  it  is  here  that  we  send 
our  patients  suffering  from  tuberculosis.  I  have  in  mind  at  this 
time  the  Alps  in  Switzerland.  Here  the  air  is  almost  absolutely  free 
from  dust  or  from  bacteria  and  from  objectionable  odors — of  course, 
unlimited  in  quantity  and  highly  desirable  from  the  standpoint  of 
temperature,  humidity  and  air  motion  ;  in  fact,  it  forms  ideal  con- 
ditions that  w^ould  coincide  almost  perfectly  with  the  base  line  of  our 
chart.  This  locality  is  some  3000  or  4000  ft.  above  the  sea  level,  as 
I  remember  it,  snow-capped  mountains  on  every  side,  the  humidity 
and  temperature  varying,  of  course,  at  different  times  of  the  day, 
which  by  the  way  is  nature's  standard.  From  all  over  the  world 
cases  of  tuberculosis,  especially  cases  of  tuberculosis  of  the  skin  and 
bones,  are  sent  here  for  treatment  and  the  cures  resulting  from  ex- 
posure to  these  ideal  outdoor  conditions  are  almost  beyond  belief. 
Professor  Rollier  claims,  I  believe,  something  over  95  per  cent  of 
cures  in  cases  of  this  kind.  The  patients,  many  of  them  children,  are 
exposed  to  the  air  and  sunlight  as  much  of  the  time  as  is  possible 
and  although  the  temperature  is  sometimes  down  around  freezing 
point  and  the  children  wear  practically  no  clothing,  with  the  ex- 
ception of  breech-cloth  and  moccasins,  the  radiant  heat  of  the  sun 
at  this  high  altitude  is  sufficient  to  keep  them  warm  and  comfortable. 

It  is  true  that  the  conditions  in  a  building  during  the  heating 
season  are  artificial,  but  if  we  can  maintain  this  artificial  condition 
close  to  nature's  standard,  which  is  the  ideal  outdoor  condition,  we 
have  accomplished  our  purpose. 

Mr.  Ohmes'  statement  that  such  standards  must  be  of  a  local 
nature  only  is  true  to  a  limited  extent.  We  are  working  for  a 
standard  of  indoor  conditions  when  artificial  heat  is  required ;  that, 
of  course,  is  what  I  outlined  in  the  paper.  This  standard  would  not 
apply  to  a  summer  day  out  of  doors  because  our  clothing  would  be 
different.  Outside  of  this  factor,  however,  I  believe  the  standard 
applicable. 
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THE  OPERATION  OF  DIAPHRAGM  RADIATOR 
VALVES  THERMOSTATICALLY  CON- 
TROLLED 

By  F.  a.  De  Boos,  Kansas  City,  Mo. 
Member 

SOME  tests  were  recently  conducted  on  a  thermostatically  con- 
trolled heating  system  with  the  following  objects  in  view : 
].     To  determine  the  approximate  number  of   times  dia- 
phragm radiator  valves  would  be  opened  and  closed  by  thermostats. 

2.  To  determine  approximately  the  total  amount  of  time  steam 
would  be  automatically  shut  off  the  radiator. 

3.  To  determine  how  closely  the  room  temperature  would  be 
maintained  automatically  by  the  thermostat. 

The  apparatus  used  in  making  the  tests  consisted  of  a  Bristol 
recording  thermometer  which  was  located  alongside  the-  room  ther- 
mostat, and  a  Bristol  recording  pressure  gauge  connected  to  the 
branch  line  leading  to  the  diaphragm  radiator  valves.  Fig.  1  illus- 
trates the  general  arrangement  of  the  apparatus  and  Fig.  2  gives 
the  location  of  the  thermostats,  diaphragm  valves  and  recording 
thermometer  and  gauge. 

The  room  in  which  the  experiments  were  made  is  a  ground  floor 
office  with  dimensions  as  follows:  Width,  20  ft.,  height,  15  ft. 
8  in.,  length,  48  ft.  A  plan  of  the  office  is  shown  in  Fig.  2,  wdiich 
also  shows  the  location  of  the  apparatus  used  in  the  test.  The  heat- 
ing system  is  a  single  pipe  gravity  steam  system  with  the  mains  on 
the  ceiling  of  the  basement  below.  The  radiators  are  vented 
through  ordinary  air  vent  valves.  The  office  where  the  tests  were 
made  is  in  the  north-west  corner  of  the  building,  on  the  ground 
floor,  and  faces  north. 


Presented  at   the   Setni-Anmial   Meeting  of  The  American   Society   of   Heating  and 
Ventilating  Engineers,   Chicago,   Til.,  July,   1917. 
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The  method  pursued  was  as  follows:  Charts  were  placed  on 
the  two  recording  instruments,  so  that  as  they  revolved  simultane- 
ously, the  recording  thermometer  would  show  graphically  the  tem- 
perature being  maintained  in  the  room,  while  the  recording  pressure 
gauge  would  show  the  operation  of  the  diaphragm  valves.  These 
charts  would  then  give  the  necessary  data  required  to  arrive  at  a 
solution  of  the  problems  above  referred  to. 


I 


—Recording 
Thermometer 


'Thermosfaf 


Air  Line  fo  Valve 


Recording 
'Pressure 
Gage 


Valve 


FIG.    1.     ARRANGEMENT   OF  THERMOSTAT  AND   GAUGES   FOR  TESTS 


Automatic  temperature  control  systems,  of  the  type  ordinarily 
used,  consist  of  thermostats  which  operate  diaphragm  radiator 
valves  by  compressed  air,  in  the  following  manner :  The  thermo- 
stat is  set  for  some  desired  temperature,  generally  72  deg.,  and  as 
long  as  the  temperature  of  the  room  is  below  the  desired  point, 
the  thermostatic  element  is  not  affected  sufficiently  to  cause  the 
instrument  to  operate.  When,  however,  the  temperature  has  reached 
the  desired  degree,  the  instrument  operates  in  such  a  way  as  to 
cause  a  supply  of  compressed  air  to  flow  from  an  air  main  through 
a  branch  line  leading  to  the  diaphragm  valve  on  the  radiator,  and 
this  compressed  air  causes  the  diaphragm  valve  to  close.  This 
action  shuts  the  steam  off  the  radiator  and  as  the  temperature  then 
falls  a  degree  or  so,  the  thermostat  again  operates,   releasing  the 
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compressed  air  and  the  diaphragm  radiator  valve  automatically 
opens.  The  recording  gauge  being  connected  to  this  branch  line, 
records  the  operations  of  the  diaphragm  radiator  valve  and  thus 
shows  the  number  of  times  it  is  opened,  the  number  of  times  it  is 
closed,  and  the  amount  of  time  the  valve  is  held  in  either  position. 
The  tests  were  begun  January  31st,  1917,  and  continued  through- 
out  the   entire   month    of    February.      A   positive   thermostat   was 


Alley-  Vacant  lot  adjoining 
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Concrete  floor,   brick   walls   West  and    South. 
Office  faces  North   on  10th   Street. 
AHev   on    West.      Vacant   lot   on    other   side   of  alley. 
Office — 20   ft.  wide  x  48  ft.   long  x    15   ft.   8  in.   high. 

North  window — 13  ft.  3  in.  x  13  ft.  8  in.  (includes  prism  glass  at  top). 
West  window — 12  ft.  8  in.  x  13  ft.  8  in.  (includes  prism  glass  at  top). 
East  window — 4  ft.  0  in.   x    10   ft.   0  in. 

Front  door — 4  ft.  0  in.  x  7  ft.  8  in.  (glass  2  ft.  7  in.  x  5  ft.  4  in.). 
Front  transom — 3  ft.  8  in.  x  3  ft.  0  in.  (transom  above  door). 
Rear  West   window — 3  ft.  2  in.  x  4  ft.  4  in. 

Rear  West  window — 2  ft.  3  in.  x  3  ft.  2  in.    (above  rear  door). 
Rear  door— 2  ft.  8  in.  x  7  ft.  6  in.    (glass  1  ft.   10  in.  x  2  ft.  9  in.). 
South  window — 4  ft.  0  in.  x  8  ft.  0  in. 
South  window — 2  ft.  6  in.  x  6  ft.  6  in. 
Three   radiators — Total   square   feet   about   330. 
Three   1^,4  in.  luicovered  steam  risers. 

About   10  ft.  of  2  in.   main   (uncovered)    on  ceiling  for  room  above. 
Four   small   vent   windows  in   prism   glass  transoms  over   large   front   windows.      These 
15   in.   vents  do  not  close  tightly. 

FIG.   2.     PLAN   OF  THE   OFFICE   WHERE  TESTS   WERE   CONDUCTED   AND 
DATA   OF  EXPOSURES,   ETC. 


used  during  this  series  of  tests.  This  instrument  is  so  constructed 
as -to  cause  either  the  full  15  lb.  of  compressed  air  to  be  thrown 
on  the  valve,  thus  holding  it  tightly  closed,  or  when  the  air  pres- 
sure is  relieved,  it  is  exhausted  entirely,  the  air  pressure  drop- 
ping to  zero.  Thus  the  valve,  by  the  operation  of  the  posi- 
tive thermostat,  would  be  held  either  in  a  tightly  closed  or 
fully  open  position. 

Table  1  gives  a  summary  of  the  operation  of  the  recording 
gauge  (columns  5  and  6)  and  shows  the  outdoor  temperature  and 
weather  conditions,  these  latter  data  being  taken  from  the  U.  S. 
Weather  Bureau   office. 
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Fig.  2  shows  a  plan  of  the  office  giving  all  data  as  regards  wall 
surface,  glass,  etc.,  and  a  calculation  will  probably  show  the  radia- 
tion in  the  room  to  be  actually  somewhat  less  than  would  be  ordi- 
narily used  for  a  room  of  this  sort  with  the  considerable  exposure 
and  glass  area.  The  four  small  vent  windows  (15  in.  square)  in 
the  prism  glass  ventilators  over  the  large  front  windows  do  not 
close  tightly,  on  account  of  wire  screens  in  same,  and  stand  open 
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at  an  angle  with  the  top  and  bottom  away  from  the  metal  frames 
from  one  to  three  inches.  In  windy  days  this  allowed  quite  an 
amount  of  cold  air  to  be  blown  into  the  room.  The  total  amount 
of  radiation  actually  installed  is  330  sq.  ft. 

It  will  be  noted  that  some  days  are  coupled  together  in  loiumn  5 
of  the  Table.  This  was  occasioned  by  not  taking  off  the  charts 
every  day,  especially  on  Saturdays  and  Sundays,  and  also  letting 
some  days  overlap.  It  was  not  the  intention  at  the  time  these  tests 
were  being  made  to  reproduce  the  information  obtained,  as  this 
was  desired  merely  for  personal  use,  and  hence  no  great  care  was 
exercised  in  changing  the  records  or  charts  each  day  at  a  predeter- 
mined hour.  The  valve  operations,  however,  can  be  easily  retraced, 
and  as  due  allowance  was  made  in  the  computations,  no  errors  of 
any  consequence  result. 
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Another  fact  that  perhaps  requires  explanation,  is  that  on  some 
moderate  days  the  percentage  of  time  the  valves  were  held  closed 
was  no  greater  than  on  other  days  when  the  temperature  was  con- 
siderably lower.  This  is  partially  accounted  for  by  the  fact  that 
in  mild  weather  the  steam  pressure  was  allowed  to  go  down  to 
zero  at  times,  and  the  valve  would  be  held  open  for  as  much  as  an 
hour  or  two  at  a  time.     If  the  steam  pressure  had  been  kept  on 


FIG.   3.     RECORDING   TEMPERATURE  AND   PRESSURE  CHARTS   WITH 
AVERAGE  OUTSIDE  TEMPERATURE  6  DEG.   BELOW  ZERO 


the  mains  at  all  times,  such  as  would  have  been  the  case  with  a 
central  heating  system,  the  valve  would  have  been  held  open  for 
only  a  few  minutes  instead  of  for  an  hour  or  two,  and  as  a  result 
the  percentage  of  time  the  diaphragm  valve  would  have  been  held 
closed  in  moderate  weather  would  have  been  considerably  higher. 

Also,  dther  factors  which  would  affect  the  valve  operations  from 
day  to  day  were  the  amount  of  sunshine  and  the  wind  velocity  and 
direction.  The  room  had  quite  an  exposure  due  to  the  large  win- 
dows at  the  north  end. 

The  temperature  was  kept  remarkably  uniform,  and  as  long  as 
steam  was  supplied  to  the  mains,  the  temperature  was  maintained 
within  a  total  variation  of  not  more  than  one  degree  and  a  half. 
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The  thermostats  operated  on  less  than  a  degree  variation  but  gen- 
erally the  temperature  rose  or  fell  slightly  in  the  room  after  the 
thermostat  had  operated,  due  to  the  amount  of  heat  still  retained 
in  the  radiators  after  the  valve  had  been  closed,  or  the  slight  interval 
required  for  the  radiators  to  become  warm  after  the  valve  had 
opened. 

Recording  temperature  and  recording  pressure  charts  for  Febru- 
ary 1st  to  2nd,  are  shown  here  (see  Fig.  3)   as  this  interval  was 


FIG.  4.  RECORDING  TEMPERATURE  AND  PRESSURE  CHARTS  WITH 
AVERAGE  OUTSIDE  TEMPERATURE  OF  18  DEG.  ABOVE  ZERO 


the  coldest  of  the  series,  the  average  being  6  deg.  below  zero.  The 
chart  was  put  on  at  1 :00  P.  M.,  February  1st,  the  temperature 
being  3  deg.  below  zero.  The  temperature  rose  to  zero  at  3  :00 
P.  M.  and  then  dropped  steadily  to  13  deg.  below  zero  at  6 :00 
A.  M.,  where  it  remained  until  8  :00  A.  M. ;  at  noon  it  'had  risen 
to  3  deg.  below  zero.  A  set  of  charts  is  shown  in  Fig.  4  for  Febru- 
ary lOth-llth,  the  average  temperature  being  about  18  deg.  above 
zero.  The  highest  temperature  was  31  deg.  and  the  lowest  G  deg. 
above  zero.  The  outdoor  temperature  is  shown  by  a  dotted  line 
on  the  recording  temperature  chart.  It  will  be  obseryed  on  the 
recording  gauge  sheet  the  valve  was  held  fully  open  from  3 :4:0 
P.  M.  to  4 :45   P.  M..  or  for  over  an  hour.     During  this  interval 
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there  must  have  been  little  or  no  steam  in  the  radiators,  as  other- 
wise the  room  temperature  would  soon  have  increased  and  the 
valves  would  have  closed  in  about  ten  minutes  time. 

A  summation  of  the  valve  operations,  shows  that  the  valves  were 
closed  as  many  as  twenty  times  during  the  ten  hour  interval  be- 
tween 8  :00  A.  M.  and  6  :00  P.  M.  on  some  days  and  that  the  aver- 
age number  of  times  the  valves  were  closed  each  day  was  8.3. 
Of  course,   the  valves   had  to  be  opened   as   many  times   as  they 


FIG. 


RECORDING    TEMPERATURE   AND    PRESSURE    CHARTS    DURING 
COLD  SPELL  WITH  INTERMEDIATE  THERMOSTAT 


were  closed  (the  8.3  representing  that  many  cycles  of  operations), 
so  that,  in  fact,  over  sixteen  valve  operations  a  day  were  neces- 
sary on  an  average  to  maintain  the  temperature  at  the  desired 
uniform  point.  On  some  days  the  heat  was  shut  off  as  much  as 
87  per  cent  of  the  time,  and  even  during  the  coldest  days  the  heat 
was  not  turned  on  more  than  58  per  cent  of  the  time.  The  heat 
was  shut  off  63  per  cent  of  the  time  on  an  average  during  the 
entire  month.  This  result  is  somewhat  remarkable,  and  it  is  per- 
haps even  more  startling  to  notice  that  on  the  coldest  day  tested 
the  heat  was  shut  off  50  per  cent  of  the  time. 

The  weather  moderated  early  in  March  and  the  tests  were  dis- 
continued, but  on  March  4th  a  cold  spell  occurred,  and  on  Monday, 


656 


Operation  of  Diaphragm  Radiator  Valves 


March  5th,  an  intermediate  thermostat  was  substituted  for  the 
positive  and  records  were  again  taken  during  the  next  few  days. 
Charts  for  March  5th-6th  are  shown  in  Fig.  5,  as  this  was  the 
coldest  day  of  this  test  with  the  intermediate  thermostat. 

It  will  be  observed  by  the  recording  gauge  sheet  that  varying  air 
pressures  were  thrown  on  the  diaphragm  valve  by  the  thermostat, 
so  that  the  valve  was  held  in  all  sorts  of  intermediate  positions.  In 
general,  the  thermostat  operated  the  valve  slowly  in  opening  and 


FIG.    6. 


RECORDING    TEMPERATURE    AND    PRESSURE    CHARTS    FOR 
FEBRUARY   8-9   SHOWN    FOR   COMPARISON 


closing  same,  although  at  times  the  operation  was  quick.  This 
would  occur  when  the  temperature  change  in  the  office  was  a  little 
more  rapid  than  usual.  The  valve  would  generally  permit  steam  to 
pass  into  the  radiator  when  the  air  pressure  on  the  diaphragm  top 
got  down  to  about  5  lb.  At  3  lb.  pressure  the  valve  was  almost 
fully  open,  and  7  lb.  pressure  would  close  it  quite  tight.  It  will 
be  noticed  that,  by  referring  to  the  recording  temperature  chart 
for  March  5th-6th,  the  air  pressure  was  relieved  entirely  on  the 
diaphragm  only  seven  times  during  the  twenty-four  hour  interval, 
and  only  got  up  to  8  lb.  or  over,  fourteen  times  during  the  twenty- 
four  hour  period. 

The  outside  temperature  is  shown  by  dotted  line  on  the  recording 
temperature  sheet. 
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By  way  of  comparison  charts  are  shown  for  March  8th-0th  in 
Fig.  6. 

Although  the  heating  system  is  of  the  single  pipe  gravity  type, 
no  trouble  occurred  as  far  as  noise  or  water  hammer  was  concerned 
when  the  intermediate  thermostats  were  used. 


CONCLUSIONS 

These  tests  give  the  following  results : 

1.  In  order  to  maintain  uniform  temperatures  in  a  room  constant 
operation  of  the  radiator  valve  is  required.  On  some  days  the 
valve  must  be  opened  twenty  times  and  closed  an  equal  number  of 
times  in  the  ten  hour  interval  from  8  :00  A.  M.  to  6  :00  P.  M.  As 
an  average  it  is  safe  to  assume  eight  cycles  per  day  during  the  win- 
ter season,  or  sixteen  operations.  This  would  mean  about  2,500 
operations  during  the  heating  season.  Automatic  heat  control  which 
performs  these  duties  automatically,  thus  shows  itself  a  great  con- 
venience. 

2.  On  the  heating  plant  as  generally  designed,  it  is  safe  to 
assume  that  the  thermostat  will  hold  the  diaphragm  steam  valve 
closed  fully  fifty  per  cent  of  the  time  during  the  entire  heating 
season.  During  the  month  of  February,  between  the  hours  of  S  :U0 
A.  M.  and  6:00  P.  M.,  the  valves  were  held  closed  63  per  cent  of 
the  time.  This  shows  great  fuel  economy  for  automatic  heat 
control. 

3.  The  temperature  was  maintained  to  within  one  degree  of  the 
desired  point  by  the  thermostat  throughout  the  entire  period  of  the 
tests,  during  the  hours  8:00  A.  M.  and  6:00  P.  M.  when  steam  was 
kept  up  on  the  building.  This  uniform  temperature  made  the  room 
conditions  ideal  for  the  occupants. 
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DISCUSSION 

The  President:  This  is  a  most  interesting  paper  and  instruc- 
tive. I  don't  believe  as  far  as  comfort  and  health  is  concerned,  that 
we  need  very  close  temperature  regulation,  but  I  think  from  an 
economical  standpoint  we  do  need  it  and  if  there  ever  was  a  time 
that  we  needed  it;  we  need  it  now  in  this  fuel  shortage. 

I  have  made  some  records  very  similar  to  this  in  industrial  plants, 
not  on  thermostatic  regulations,  but  humidity  regulations  and  we 
have  discovered  that  in  many  industrial  plants  the  steam  was  not 
turned  on  10  per  cent  of  the  working  hours  of  the  plant  even  with 
outdoor  temperatures  as  low  as  50  deg. 

A.  K.  Ohmes:  I  would  like  to  call  your  attention  to  the  differ- 
ence between  the  intermediate  action  of  the  thermostat  and  the 
positive  action  of  the  thermostat.  It  seems  as  if  the  intermediate 
thermostat  was  in  such  a  way  that  there  was  a  rather  constant 
steam  supply  to  the  radiator,  but  as  a  matter  of  fact,  from  tests 
that  we  have  made,  it  doesn't  occur  at  all  that  way.  Usually  the 
relation  between  the  opening  in  the  steam  valve  and  the  air  pres- 
sure is  such  that  it  only  takes  a  very  slight  dift'erence  in  pressure  to 
shut  or  close  the  valve  entirely.  In  other  words,  the  intermediate 
acting  thermostat,  while  it  does  not  show  that  way  on  the  diagram 
here,  still  acts  substantially  the  same  way  as  the  positive  acting 
thermostat.  As  a  matter  of  fact,  if  one  should  feel  the  radiator  with 
the  hand  he  wouldn't  he  able  to  tell  much  dift'erence. 

The  Author  :  Mr.  Ohmes  is  exactly  right,  and  on  page  287 
mention  is  made  as  follows :  The  valve  would  generally  permit 
steam  to  pass  into  the  radiator,  when  the  air  pressure  on  the  dia- 
phragm top  got  down  to  about  5  lb.  At  3  lb.  pressure  the  valve 
was  almost  fully  open.  In  other  words,  the  intermediate  action  was 
carried  on  an  actual  dift'erence  of  2  lb.  in  the  air  pressure,  although 
the  recording  air  pressure  gauge  would  show  variations  from  0  up 
to  12  or  15  lb. 

Regarding  the  effect  of  positive  and  intermediate  thermostats  on 
the  radiator,  where  an  intermediate  thermostat  can  be  used  it  is 
preferable.  I  think  you  can  hold  closer  temperatures  and  in  gen- 
eral, especially  with  vacuum  systems,  where  you  sometimes  get  up 
a  little  steam  pressure  and  have  a  high  vacuum  in  your  radiator, 
with  a  thermostat  that  operates  very  positively,  there  will  be  a  rush 
of  steam  going  into  the  radiator.  The  intermediate  overcomes  that 
somewhat,  and  its  action  can  be  scattered  over  even  a  bigger  interval 
by  using  a  stronger  spring,  a  smaller  diaphragm  top  and  a  greater 
length  of  travel  of  the  valve  stem. 


No.  468 
MINE  VENTILATION 

Bv  Joseph  J.  Walsh/  Wilkes-Barre,  Pa. 

Non-Member. 

THE  amount  of  air  passing  through  an  ordinary  mine  is  enor- 
mous ;  "^00,000  cu.  ft.  per  minute  is  quite  common,  and,  in 
many  of  the  larger  mines,  it  reaches  500,000  cu.  ft.  per  minute. 
The  reasons  for  requiring  such  large  volumes  of  air  are :  first,  to 
supply  those  employed  in  the  mine  with  sufficient  oxygen  to  support 
life  and  second,  to  prevent  the  accumulation  of  fire  damp. 

Other  agencies  tending  to  vitiate  the  air  of  a  mine  are  constantly 
in  action,  among  which  may  be  mentioned  the  burning  of  lights  and 
the  gases  generated  by  blasting,  and  aside  from  this,  carbon  dioxide  is 
escaping  continuously  from  the  pores  of  the  coal  as  chambers  and 
gangways  are  being  driven.  In  connection  with  this,  carbon  dioxide 
is  also  formed  by  the  action  of  the  oxygen  of  the  air  on  the  carbon 
of  the  coal  and  timber ;  when  carbon  dioxide  is  formed  in  this  way 
oxygen  is  taken  from  the  air.  the  amount  so  taken  being  equal  to  the 
carbon  dioxide  produced.  There  is  still  a  further  loss  in  the  oxygen 
content  of  the  air  passing  through  a  mine  by  reason  of  the  coal 
absorbing  it. 

With  all  the  foregoing  causes  and  conditions  tending  to  vitiate  the 
air  current  of  a  mine,  the  oxygen  content  seldom  falls  below  20  per 
cent,  and  the  carbon  dioxide  rarely  goes  above  0.4  per  cent. 

The  influence  of  water  vapor  in  the  air  of  a  mine,  or  in  a  crowded 
room  for  that  matter,  presents  a  condition  in  itself  requiring  thor- 
ough ventilation. 

The  wet-bulb  temperature  is  of  direct  hygienic  importance  when 
it  is  much  above  fiO  deg.  fahr.  In  warm  mines,  the  wet-bulb  tempera- 
ture is  of  great  importance,  and  influences  to  a  vast  extent,  not  only 
the  amount  of  work  that  can  be  performed,  but  the  health  of'  the 
worker. 

^  Mine  Inspector,  Tenth   Anthracite  Inspection  District. 
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Experiment  has  been  conducted  by  confining  several  persons  in  a 
closed  chamber  until  the  oxygen  content  of  the  air  fell  to  about  16 
per  cent  and  the  carbon  dioxide  increased  to  over  4  per  cent.  At  the 
same  time  the  temperature  of  the  enclosed  air  rose  to  84  deg.  fahr., 
wet-bulb.  The  discomfort  felt  by  those  confined  was  relieved  by 
starting  an  electric  fan  within,  indicating  that  it  was  not  the  low 
oxygen  or  excess  of  carbon  dioxide  that  caused  the  discomfort;  it 
was  the  stagnant  bodily  heat.  Relief  was  not  obtained  by  one  con- 
fined when  breathing  through  a  tube  the  pure  air  outside  the  cham- 
ber, nor  was  discomfort  felt  by  one  who,  outside  the  chamber, 
breathed  through  a  tube  the  impure  air  within. 

When  one  considers  the  conditions  making  it  necessary  to  ven- 
tilate a  mine,  and  that  the  weight  of  the  air  passing  through  an  ordi- 
nary mine  in  a  year  will  exceed  four  million  tons,  the  necessity  for 
the  proper  construction  of  the  airways  through  which  this  air  must 
pass,  together  with  a  correctly  proportioned  fan,  is  apparent.  The 
fans  in  use  in  the  anthracite  coal  fields  of  Pennsylvania  vary  in  size 
from  5  to  35  ft.,  operated  by  engines  ranging  from  20  to  250  h.p. 
and  generating  water  gauge  pressures  from  0.5  to  5  in. 

It  had  been  the  custom  with  the  mine  operator  in  the  past,  when 
ordering  a  ventilating  fan,  to  furnish  the  fan  manufacturer  with 
certain  dimensions,  and  the  water  gauge  pressure  against  which  the 
fan  must  act,  in  many  cases  the  dimensions  and  water  gauge  so 
furnished  being  a  duplicate  of  a  fan  already  in  operation  at  a  mine 
and  by  means  of  which  a  large  quantity  of  air  is  obtained;  the 
purchaser  believed  that  a  fan  furnishing  a  large  quantity  of  air  for 
one  mine  will  do  equally  as  well  if  put  in  operation  at  another  mine, 
when,  as  a  matter  of  fact,  each  mine  might  require  a  fan  having  en- 
tirely dififerent  dimensions  and  water  gauges. 

In  order  to  design  and  proportion  a  ventilating  fan  for  the  pur- 
pose of  circulating  a  certain  quantity  of  air  through  a  mine  per 
minute,  it  is  necessary  to  know  what  pressure  will  be  required  to 
produce  the  desired  velocity.  At  one  mine  a  water  gauge  of  2  m. 
may  produce  200,000  cu.  ft.  of  air  per  minute,  while  at  another  mine 
the  condition  of  the  air-ways  may  be  such  that  it  would  require  a 
6  in.  water  gauge  to  deliver  the  same  quantity.  If  the  diameters  of 
the  fans  are  the  same,  the  fan  producing  the  G  in.  gauge  will  need  to 
run  faster  in  order  that  there  may  be  sufificient  rim  speed  to  pro- 
duce the  higher  gauge,  and  its  width  must  be  narrower,  if  it  is 
desired  that  both  fans  show  the  same  volume  ratio. 

If  the  manufacturers  of  ventilating  fans  were  more  exact  in  their 
inquiry  regarding  the  water  gauge  required  for  the  ventilation  of 
mines,  there  would  be  fewer  good  fans  condemned. 
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Location  of  Fans. — It  frequently  happens  that  the  ventilating 
equipment  at  a  mine  cannot  produce  a  sufficient  volume  of  air,  and 
to  remedy  this  difficulty,  a  second  fan  is  installed  and  the  two  con- 
nected to  the  same  upcast  shaft.  An  auxiliary  fan  so  located  is  of 
little  practical  value,  the  only  advantage  obtained  from  an  additional 
fan  placed  in  this  manner  is  a  saving  of  part  of  the  pressure  con- 
sumed in  the  fan  drift  and  fan  when  one  fan  operated  alone,  a  sav- 
ing entirely  too  small  to  warrant  the  erection  of  the  second  fan. 

If  an  exhaust  fan,  while  ventilating  a  mine,  produces  a  difference 
in  pressure  between  the  top  of  the  intake  shaft  and  the  top  of  the 
return  shaft  equal  to  a  2  in.  water  gauge  or  10.  i  lb.  per  sq.  ft.,  a  cer- 
tain quantity  of  air  will  be  forced  into  the  downcast  shaft  and 
through  the  mine  working  to  the  fan,  and  under  similar  conditions 
of  humidity,  temperature  and  resistance,  the  quantity  will  not  in- 
crease or  decrease.  Now,  suppose  an  additional  fan  is  connected  to 
the  top  of  the  same  upcast  shaft  and  both  are  run  at  a  speed  suf- 
ficient to  generate  a  2  in.  water  gauge,  no  advantage  in  pressure  is 
obtained;  the  same  difference  in  pressure  that  existed,  namely,  10.4 
lb.  per  sq.  ft.,  when  one  fan  operated  alone  still  exists  when  both  are 
running  together.  As  stated  before,  the  only  advantage  obtained  in 
operating  two  fans  in  this  manner  is  the  slight  saving  in  pressure  in 
the  fan  drift  and  the  fans. 

In  all  cases,  however,  where  two  fans  are  connected  to  a  common 
upcast  shaft,  and  receive  their  air  through  it,  the  rim  speed  of  each 
should  be  such  that  the  water  gauges  are  equal;  if  this  is  not  strictly 
observed,  the  volumetric  efficiency  of  the  fan  having  the  smaller 
gauge  may  be  reduced  to  unity.  In  fact,  if  the  difference  in  the 
gauge  readings  is  great,  the  fan  having  the  larger  gauge  may  obtain 
some  of  its  air  supply  through  the  chimney  of  the  other  fan. 

Booster  Fans. — Booster  fans  are  fans  located  under  ground  be- 
tween the  intake  and  return,  or,  at  any  point  in  the  intake  or  return, 
to  help  along  a  feeble  air  current.  A  condition  requiring  their  use 
in  mines  exists  where  the  movement  of  the  air  is  broadcast,  and 
where  much  of  the  air  produced  by  the  surface  fan  is  lost  by  leakage. 
A  booster  fan,  placed  in  a  mine  for  the  purpose  of  assisting  a  fan 
located  on  the  surface,  will  not  increase  the  total  quantity  of  air 
delivered  by  the  surface  fan  unless  it  generates  a  greater  pressure 
than  that  already  generated  by  the  surface  fan;  neither  will  it  be  of 
any  local  value  unless  it  generates  a  pressure  greater  than  that 
existing  at  the  point  of  installation.  The  extent  to  which  a  vacuum 
is  approached  by  a  booster  fan,  installed  for  the  purpose  of  assisting 
a  surface  fan.  should  be  such  that  the  air  will  more  readily  flow  to  it 
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than  take  any  other  route  that  might  be  offered  by  reason  of  leak- 
age or  other  cause. 

For  the  purpose  of  increasing  the  volume  of  air  in  a  mine,  fans 
are  sometimes  placed  in  tandem ;  the  increase  in  volume  obtained  by 
this  method,  however,  does  not  warrant  the  expenditure.  Fans 
placed  in  tandem,  one  at  the  top  of  the  upcast  shaft  exhausting,  and 
the  other  at  the  top  of  the  downcast  shaft  blowing,  are  of  little 
value  to  each  other.  Assume  that  an  exhaust  fan  having  certain 
dimensions  is  operating  at  a  mine  and  producing  a  2  in.  water 
gauge,  and  that,  while  so  working,  a  certain  volume  of  air  is  entering 
the  downcast  shaft  at  a  certain  velocity ;  if  a  force  fan  be  now  placed 
at  the  top  of  the  downcast  shaft  and  run  at  a  speed  sufficient  to 
produce,  say  a  0.5  in.  water  gauge,  it  will  not  assist  the  exhaust  fan, 
because  the  power  already  in  the  moving  air,  so  caused  by  the  exhaust 
fan  running  at  a  speed  sufficient  to  generate  a  2  in.  water  gauge,  is 
far  greater  than  that  produced  by  the  blowing  fan.  If  the  blowing 
fan  be  now  run  at  a  speed  sufficient  to  produce  a  2  in.  water  gauge,  it 
is  then  only  capable  of  producing  a  velocity  in  the  downcast  shaft 
slightly  greater  than  that  already  existing. 

If  the  rim  speed  of  the  blowing  fan  is  further  increased  until  the 
water  gauge  reading  is  3  in.,  while  the  exhaust  fan  remains  as  for- 
merly, producing  a  2  in.  water  gauge,  it  will  be  found  that  the  velocity 
of  the  air  is  increased,  and  this  increase  is  entirely  maintained  by 
the  blowing  fan,  because  the  velocity  in  the  air  is  greater  than  that 
which  the  exhaust  fan,  with  its  2  in.  water  gauge  i)ressure  is  capable 
of  producing. 

In  order  to  obtain  the  greatest  efficiency  and  saving  in  horse 
power,  each  fan  should  have  an  independent  intake  and  return. 
With  fans  installed  in  this  manner,  the  quantity  of  air  can  be  doubled 
with  twice  the  horse  power,  while,  with  fans  working  in  tandem, 
or,  while  operating  on,  and  receiving  their  air  through  the  same 
intake  and  return,  it  will  require  about  eight  times  the  horse  power  to 
double  the  quantity. 

DESIGN    OF   FAN    CAPACITY 

The  question  might  now  be  asked,  how  to  determine  the  pressure 
that  will  be  necessary  to  circulate  a  given  quantity  of  air  through 
a  mine.  It  would  be  a  very  difficult  and  tedious  task  to  calculate 
the  pressure  consumed  in  all  the  different  airways,  shafts  and  cham- 
bers throughout  an  entire  mine ;  however,  from  actual  trial,  it  is 
found  that  this  is  not  necessary  in  order  to  obtain  practicable 
results. 
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If  a  mine  is  already  being  ventilated  by  a  fan  and  it  is  desired  to 
replace  this  fan  by  one  having  a  larger  capacity,  the  pressure  re- 
quired to  produce  the  larger  volume  can  be  calculated  by  means  of 
the  known  facts,  namely : — The  pressure  and  volume  produced  by 
the  fan  already  in  operation  and  the  desired  new  volume;  (p  :  p  :  : 
q':cf). 

If,  however,  the  case  is  one  where  a  fan  is  to  be  installed  for  the 
first  time,  further  calculation  is  necessary.  The  airways  of  an  ordi- 
nary mine  may  be  divided  into  three  classes,  namely : 

First,  main  splits,  or  those  through  which  the  whole  volume  of  air 
passes ; 

Second,  primary  si)lits.  or  those  that  branch  ofT  the  main  split ; 

Third,  secondary  splits,  or  those  that  branch  off  primary  splits. 

It  has  been  found  by  calculation  and  experiment  that  in  the  av- 
erage anthracite  mine  about  85  per  cent  of  the  ventilating  pressure 
is  consumed  in  the  main  splits  and  the  primary  splits,  and  that 
where  the  air  flows  broadcast,  the  i)ressure  consumed  is  hardly  ap- 
preciable. Therefore,  when  calculating  the  pressure  that  will  be 
required  to  force  a  certain  volume  of  air  through  a  mine  it  will  only 
be  necessary  to  calculate  for  the  main  splits  and  the  primary  split 
airways. 

The  value  of  the  results  obtained  in  this  way  will,  however,  depend 
on  the  co-efficient  of  friction  used.  The  co-efficient  is  a  very  uncer- 
tain quantity  and  will  vary  greatly  for  different  mines.  The  writer 
has  found  by  many  trials  that  the  proper  co-efificient  for  the  average 
anthracite  mine  is  0.000000005,  and  the  results  obtained  by  the  use 
of  this  co-efficient  more  nearly  agree  with  those  actually  produced 
when  a  fan  is  put  in  operation. 
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DISCUSSION 

The  Chairman  (Vice-President  A.  K.  Ohmes)  :  I  would  like 
to  hear  from  Mr.  Still  on  that  subject.  There  are  certain  things 
about  fan  operations  that  I  can't  agree  on  at  all. 

F.  R.  Still:  The  subject  of  mine  ventilation  is  a  very  old  one. 
A  lot  of  theories  have  been  published  which  were  not  founded  on 
scientific  facts. 

To  investigate  the  ventilation  of  a  mine  by  a  fan,  when  the  latter 
is  attached  to  a  mine  shaft  is  probably  one  of  the  hardest  things  to 
do  in  any  field  of  ventilation,  and  it  is  a  job  that  nobody  likes  to 
undertake  unless  he  really  is  compelled  to  do  it.  Probably,  during 
the  past  9  or  10  years,  more  has  been  done  along  that  line  than  ever 
was  done  before,  in  a  practical  way;  we  have  been  compelled  to  do 
a  lot  of  it;  we  tried  to  inject  a  little  science  into  the  thing;  the 
miners  were  skeptical :  however,  we  demonstrated  some  things  to 
them  in  a  convincing  manner.  I  would  add  the  remark  that  we 
have  some  publications,  though  they  are  ostensibly  for  our  own  use, 
which  will  shed  a  great  deal  of  light  on  this  subject  for  those  of 
the  Society  who  are  interested  in  it. 

I  had  never  thought  of  the  possibility  publishing  it  in  the  records 
of  the  Society,  so  I  would  like  to  go  over  the  papers  more  carefully 
before  submitting:  them. 


No.  469 
WARM  AIR  FURNACE  HEATING 

By  I.  F.  Grumbein,  Philadelphia,  Pa. 
Member 

RAPID  Strides  forward  have  been  taken  in  the  heating  and  ven- 
tilating of  buildings  during  the  last  decade.  For  more  than 
fifty  years,  warm  air  furnaces  have  been  installed  in  buildings 
for  heating  them  but  we  are  frank  to  admit  that  a  large  proportion 
have  not  been  entirely  successful,  due  principally  to  two  causes : — 
first,  improper  design  and  construction  of  the  furnace  and  second, 
improper  installation  of  the  furnace  and  the  piping.  Perhaps  the 
part  failure  of  these  jobs  was  due  to  a  contributary  cause,  in  the 
lack  of  proper  judgment  used  in  the  selection  of  the  type  of  fur- 
nace to  be  installed. 

In  the  selection  of  the  type  of  furnace,  due  consideration  must  be 
given  to  height  and  size  of  chimney,  depth  of  basement  or  cellar 
in  which  the  furnace  is  to  be  placed  and  the  size  and  quality  of 
fuel  to  be  used ;  some  types  of  direct-draft  furnaces  are  admirably 
adapted  for  bituminous  coal  while  this  same  type  could  not  be 
economically  used  with  large  anthracite  coal.  The  indirect  type 
only  should  be  selected  where  anthracite  will  be  used,  except  where 
it  is  the  intention  to  burn  pea  or  smaller  size  coal,  or  where  the 
chimney  may  lack  height  or  size.  There  are,  of  course,  a  large 
number  of  instances  where  a  good  grade  of  bituminous  coal  is  suc- 
cessfully used,  but  this  requires  frequent  cleaning  of  flues, 
radiators,  smoke  pipe  and  chimney  and  proper  attention  to  the  fire. 

By  improper  design  and  construction  of  the  furnace,  we  refer  to 
ill-fitting  parts,  poor  or  light  material  and  material  unsuited  to  the 
requirements,  improper  allowance  for  contraction  and  expansion, 
incorrect  ratio  between  grate  and  radiating  surfaces,  and  the  use 
of  steel  plate  where  cast  iron  would  be  far  better. 

Improper  installation  is  by  far  the  greater  cause  of  unsuccessful 
jobs.  Furnaces  should  be  installed  so  that  the  greatest  possible 
rise  or  pitch  can  be  given  to  the  pipes  leading  to  the  risers,  except 
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very  short  pipes  running  to  rooms  that  are  favorably  located.  Risers 
should  be  of  adequate  size  to  furnish  plenty  of  heat  and  air  at  a 
velocity  of  280  ft.  per  minute  for  first  floor  rooms  and  400  ft.  for 
second  floor  rooms,  with  a  slight  addition  to  the  size  of  piping  lead- 
ing to  the  exposed  room  or  rooms  at  the  greatest  distance  from  the 
furnace.  A  fresh  air  duct  from  the  windward  side  of  building 
should  be  connected  to  the  bottom  of  the  furnace  casing.  The  area 
of  this  duct  should  equal  the  area  of  all  the  warm  air  pipes  taken 
off  the  furnace  case,  with  a  damper  for  regulation  of  the  fresh  air 
supply. 

A  great  deal  has  been  written  on  the  subject  of  insulating  the 
furnace  casing.  We  recommend  an  outer  casing  of  galvanized 
iron,  covered  with  one  thickness  of  14  lb.  asbestos  and  an  inside  casing 
of  black  iron  with  air  space  between  the  two  casings  of  about  one 
inch.  Our  test  made  in  zero  weather  with  this  casing  and  an  addi- 
tional covering  of  the  outer  casing  of  one  inch  of  plastic  asbestos 
showed  a  gain  of  less  than  4  per  cent,  which  we  may  consider  a 
negligible  quantity. 

We  read  a  great  deal  in  the  journals  in  reference  to  the  "pipeless" 
and  "one-pipe"  furnaces  which  are  now  sold  and  installed  in  one 
form  or  another.  The  principle  is  good  but  has  its  limitations,  and 
for  that  reason,  the  National  Warm  Air  Heating  and  Ventilating 
Association  has  prepared  the  following  resolution  relative  to  this 
type  of  heater : 

"Whereas,  the  manufacture  of  the  so-called  pipeless  furnace  has 
to  some  extent  increased  and  its  possibilities  liable  to  be  misunder- 
stood, be  it 

Resolved  :  First,  that  the  National  Warm  Air  Heating  and  Ven- 
tilating Association  recommend  to  manufacturers  the  avoidance  of 
all  extravagant  and  unwarranted  claims  in  reference  to  the  pipeless 
furnace ; 

vSecond,  that  it  is  not  a  warm  air  furnace  in  the  fullest  sense ; 

Third,  that  in  the  best  interests  of  the  industry,  dealers  are  urged 
to  advise  prospective  customers  of  its  true  limitations ; 

Fourth,  that  prospective  purchasers  of  warm  air  furnaces  are 
advised  to  be  fully  satisfied  as  to  whether  or  not  a  heater  is  adapted 
for  the  use  intended,  before  contracting  for  same." 

The  claim  that  an  entire  large  house  can  be  heated  by  them  should 
not  be  made  in  the  interest  of  the  furnace  business.  In  our  judg- 
ment installations  of  this  kind  should  be  restricted  to  very  small 
residences  (and  even  here  we  would  not  recommend  them  owing 
to  the  entire  elimination  of  fresh  air  duct  from  outside),  to  small 
stores,  and  to  corridors  of  small  school  houses.  In  the  latter  class 
of  building,  we  have  seen  them  in  successful  operation  for  more  than 
twenty  years,  but  we  would  recommend  the  re-circulating  feature  to 
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them.  Where  the  furnace  has  been  placed  at  or  near  the  center  of 
the  corridor,  with  the  heat  register  directly  over  the  furnace,  and 
with  one  or  more  re-circulating  ducts  placed  at  other  points  in 
the  corridor  floor,  and  the  ducts  attached  to  the  bottom  of  the 
furnace  case,  we  have  found  the  most  gratifying  results.  Danger 
from  contagious  diseases  are  no  greater  than  with  any  other  method 
of  heating  these  corridors,  and  where  disinfection  is  applied,  .the 
quickest  and  most  positive  results  follow  by  re-circulation  of  the  air 
in  the  corridors. 

Following,  we  will  give  a  rule  for  ordinary  house  heating  which 
has  proven  to  be  thoroughly  reliable : 

"To  determine  the  size  of  furnace  required  to  heat  a  given  build- 
ing to  70  deg.  in  zero  weather,  reduce  the  exposed  wall  surface  to 
equivalent  glass  surface.  This  is  done  by  finding  the  square  feet 
contained  in  all  the  exposed  walls;  also  the  square  feet  of  glass 
surface.  After  deducting  the  glass  from  the  wall  surface,  divide 
the  remaining  wall  surface  by  four,  as  the  loss  of  heat  through  glass 
is  four  times  as  great  as  it  is  through  the  ordinary  wood  and  plaster 
wall. 

"Since  1  sq.  ft.  of  glass  will  transmit  about  85  heat  units  per 
hour  when  the  difference  between  the  inside  and  outside  tempera- 
tures is  70  deg.,  to  find  the  total  loss  of  heat  by  transmission, 
multiply  the  number  of  square  feet  equivalent  glass  surface  by  85. 
To  this  must  be  added  the  loss  of  heat  by  leakage  or  ventilation. 

"If  the  air  enters  the  room  through  the  registers  at  140  deg., 
which  is  about  the  temperature  in  zero  weather,  one-half  the  heat 
supplied  is  carried  away  by  the  air  escaping  as  70  deg.  and  the  other 
half  is  lost  through  walls,  windows,  etc.  Therefore,  twice  the 
amount  of  heat  lost  by  transmission  must  be  supplied  by  the  heater. 

"One  pound  of  good  anthracite  coal  will  give  ofif  about  13,000 
B.t.u.  Of  this  amount  the  best  furnaces  will  safely  utilize  70  per 
cent.  In  very  cold  weather  a  rate  of  combustion  of  4  to  5  lbs.  of 
coal  per  sq.  ft.  of  grate  surface  per  hour  must  be  maintained.  As  the 
furnace  has  an  efficiency  of  70  per  cent  of  the  fuel,  which  w'ould  be 
about  9,000  B.t.u.  per  lb.  of  coal  burned,  we  have  9,000  multiplied 
by  5  equals  45,000  B.t.u.  per  hour  per  sq.  ft.  of  grate  surface  trans- 
mitted to  the  air  passing  through  the  heater.  Therefore,  the  equiva- 
lent glass  surface  multiplied  by  85  multiplied  by  3  divided  by  45,000 
will  give  the  size  of  grate  in  square  feet.  When  this  is  reduced  to 
square  inches  the  diameter  of  the  grate  can  easily  be  found. 

"The  main  steps  involved  in  calculating  the  size  of  warm  air  pipes 
for  rooms  are  to  determine  the  loss  of  heat  through  walls,  windows 
and  floors  or  ceilings  of  the  room  ;  the  volume  of  warm  air  required 
to  offset  this  loss,  and  the  velocity  of  air  in  the  pipes. 
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"The  loss  of  heat  is  calculated  by  first  reducing  the  total  exposure 
to  equivalent  glass  surface.  This  is  done  by  adding  to  the  glass 
surface  one-quarter  the  area  of  the  exposed  wood  and  plaster  walls, 
and  one-twentieth  the  area  of  the  floors  or  ceilings  to  cover  loss  of 
heat  to  non-heated  basements  or  attics.  Ten  per  cent  is  added 
when  the  exposure  is  particularly  severe.  Having  obtained  the 
equivalent  glass  surface,  multiply  by  85  (the  loss  of  heat  per  hour 
per  sq.  ft.  of  glass  with  70  deg.  difference  in  temperature)  ; 
the  product  will  be  the  total  loss  of  heat  by  transmission  per  hour. 
If  the  temperature  of  the  entering  air  is  140  deg.  and  that  of  the 
room  is  70  deg.,  the  air  escaping  at  approximately  the  latter  tem- 
perature will  carry  away  one-half  the  heat  brought  in.  The  other 
half,  corresponding  to  the  drop  in  temperature  from  140  to  70  deg., 
is  lost  by  transmission. 

"With  the  outside  temperature  at  zero,  each  cubic  foot  of  air  at 
140  deg.  brings  into  the  room  3.2  heat  units.  Since  one-half  of  this 
can  be  utili  ,ed  to  offset  the  loss  by  transmission,  to  ascertain  the 
volume  of  air  per  hour  at  140  deg.  required  to  heat  a  given  room, 
divide  the  loss  of  heat  by  transmission  by  1.1.  The  quotient  is  the 
volume  sought.  This  result  divided  by  60  gives  the  number  of  cubic 
feet  per  minute. 

"Assuming  a  velocity  of  280  ft.  for  the  first  and  400  ft.  for  the 
second  floor  (these  velocities  are  readily  attainable  in  practice),  the 
area  in  square  feet  is  determined  by  dividing  the  volume  by  the 
velocity  in  feet  per  minute.  This  area  is  reduced  to  square  inches, 
from  which  the  diameter  of  the  pipe  is  obtained." 

These  figures  are  based  on  using  wooden  window  frames  and 
sash  well  fitted  with  single  glazing.  Where  a  first-class  quality  of 
metal  stripping  is  used  for  wood  sash,  a  reduction  can  be  made  of 
15  per  cent ;  where  hollow  metal  frames  and  sash  are  used,  we  will 
remain  uncomfortable  near  the  windows  in  zero  weather,  and  when 
a  strong  wind  is  blowing  against  the  window,  even  if  we  add  50  per 
cent  of  heat  to  the  room. 

In  a  test  recently  made,  we  obtained  some  gratifying  results.  The 
grate  surface  equalled  2.5  sq.  ft.,  a  total  of  5  lb.  of  anthracite 
chestnut  coal  with  a  heat  value  of  14,100  B.t.u.  deHvered  60,840  and 
showed  an  efficiency  of  86  per  cent,  but  when  we  doubled  the  rate 
of  combustion,  the  efficiency  was  reduced  slightly  below  80  per  cent. 

In  house  heating,  it  is  very  seldom  that  we  are  enabled  to  install  a 
fan  to  force  circulation.  This  has  proven  to  be  of  great  benefit  to 
the  installation  in  more  ways  than  one;  namely,  it  increases  the  life 
of  the  furnace,  enhances  the  comfort  of  the  user  and  reduces  the 
cost  of  heating  by  increasing  the  efficiency  from  6  to  eight  per  cent 
in  ordinary  practice. 
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DISCUSSION 

Frank  K.  Chew  :  The  author  states  that  "Rapid  strides  have 
been  taken  in  the  heating  and  ventilation  of  buildings  in  the  last 
decade."  I  am  not  so  sure  that  that  is  correct.  I  have  gone  on 
record  in  a  number  of  places  where  I  have  spoken  that  the  make- 
shift of  1875  when  I  first  got  into  the  furnace  heating  business  is 
the  universal  thing  to-day,  to  the  great  detriment  of  the  prestige  of 
the  warm  air  furnace. 

I  mean  that  the  universal  use  of  the  stack  riser  in  a  partition 
that  is  limited  in  size  as  the  result  of  taking  wet  hemlock  and  sawing 
it  4  in.  and  using  it  for  studs  which,  so  that  when  it  dries,  is  only 
3j4  in.  and  the  effective  depth  of  a  warm  air  riser  pipe  can  seldom 
be  more  than  3} 2  in. 

The  attempt  to  get  the  air  from  a  10  in.  round  pipe  having  an 
area  of  T8  sq.  in.  into  a  3^  x  10  in.  or  S^^^  x  12  in.  ;  ipe  is  largely 
the  cause  of  the  waste  of  fuel  which  brings  Dr.  Honnold  here  this 
morning  to  show  that  we  need  to  take  a  little  care  of  our  fuel. 

It  brought  a  man  to  our  office  who  is  a  great  friend  of  the  Coal 
Committee  of  the  Council  of  National  Defence  to  say  that  in  his 
own  house,  by  giving  proper  attention  to  the  design  of  his  heating 
system  and  his  method  of  operating  it,  he  cut  his  coal  consumption 
practically  in  half.  He  went  further — he  discontinued  the  outside 
air  supply  and  used  an  inside  air  supply. 

This  paper  quotes  a  resolution  in  which  the  National  Warm  Air 
Heating  and  \'^entilation  Association  denounced  the  pipeless  fur- 
nace. I  have  in  the  office  pictures  of  the  early  hot  air  furnaces, 
along  about  1835.  before  the  furnace  industry  was  started.  That 
was  the  pioneer  who  took  the  first  step  from  the  fireplace  lining 
of  the  Franklin  stove  to  the  more  convenient  method  of  using  the 
heat  of  the  coal.  He  had  taken  one  of  those  stoves  and  put  in  a 
brick  casing  and  put  a  register  in  it.  Instead  of  having  the  coal 
and  dust  upstairs  as  when  he  had  a  parlor  stove  or  some  other  kind 
of  a  heater,  he  had  it  all  down  stairs  and  that  one  register  heated 
the  whole  house,  all  parts  equally  comfortable.  It  is  impossible  to 
use  a  pipe  furnace  and  get  an  even  temperature  throughout  the 
house. 

The  Author  quotes  the  rules  that  were  formulated  by  the  Xatioiiol 
IVanit  Air  Heating  and  Ventilating  Association  for  the  guidance  of 
the  furnace  trade,  and  those  rules,  while  somewhat  empirical  are 
nevertheless  based  closely  on  fairly  good  science  on  the  heating 
business  and  they  have  here  the  support  of  practice  so  that  the 
furnace  man  can  take  this  and  get  along  pretty  well. 
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I  do  think  that  this  Society  has  neglected  to  do  for  the  general 
public  a  work  which  the  men  identified  with  the  industry  have  not 
done  and  will  not  do  through  commercial  jealousy,  and  that  it  is 
up  to  the  Society  to  give  a  little  more  attention  to  that  question  of 
proper  method  of  installation  and  designing  furnace  heating  systems. 

The  President  :  I  am  inclined  to  agree  with  what  Mr.  Chew 
has  said.  The  hot  air  furnace  problem  is  one  to  which  we  have 
not  given  sufficient  attention. 

Prof.  J.  D.  Hoffman  :  If  this  Association  wants  to  do  some- 
thing for  the  furnace  business  that  will  help  the  furnace  heating 
proposition  -along  more  than  any  other  one  thing,  in  my  opinion,  it 
will  be  to  urge  upon  the  manufacturers  the  follow-up  system  on 
their  furnaces.  When  furnaces  are  sold  indiscriminately  over  the 
country,  and  installed  by  John,  Bill  and  Sam  without  any  record 
whatsoever  of  what  work  is  put  in  or  how  it  is  taken  care  of  or 
what  service  it  performs  afterwards,  you  may  expect  just  such  a 
chaotic  condition  as  we  have  now. 

If  manufacturers  would  look  after  their  furnaces  and  attempt 
to  satisfy  their  customers,  the  people  who  are  using  their  fur- 
naces, and  try  to  keep  a  record  of  their  product,  the  furnace  in- 
dustry would  be  improved. 
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THE  USE  OF  REFRIGERATION  IN  AIR 
CONDITIONING 

By  Lee  Nusbaum,  Philadelphia,  Pa. 
Member 

AIR  conditioning  has  to-day  become  one  of  the  most  important 
adjuncts  to  the  heating  and  ventilating  profession,  and  inas- 
much as  refrigeration  has  made  possible  the  broadening  of 
the  scope  of  air  conditioning,  a  brief  review  of  refrigeration  may 
perhaps  be  of  interest  to  the  heating  and  ventilating  engineer. 

One  of  the  most  important  uses  of  mechanical  refrigeration  is 
its  application  to  air  conditioning  plants.  Some  years  ago,  air  was 
cooled  for  use  in  manufacturing  plants  entirely  by  means  of  refrig- 
eration. Coils  were  placed  in  a  blower  room  and  the  air  was  passed 
back  and  forth  over  the  coils,  and  then  through  ducts  into  the 
rooms.  The  return  air  was  subsequently  exhausted  back  to  the 
blower  room  and  recooled.  Provision  was  made  in  such  cases  for 
admitting  a  certain  quantity  of  fresh  air,  and  mixing  it  with  the 
air  coming  into  contact  with  the  cooling  coils. 

Two  great  objections  to  this  method  were  the  first  cost  in  a  plant 
of  any  size  and  the  regulation  of  the  percentage  of  moisture  in  the 
air.  With  the  introduction  of  humidifying  apparatus  it  became 
possible,  however,  to  cool  the  air  down  to  a  certain  point,  depending 
on  the  ordinary  temperature  of  the  water  used.  From  this  point 
the  use  of  refrigeration  in  further  cooling  the  water  makes  a  very 
practical  and  efificient  method  of  accomplishing  the  purpose,  and 
cuts  down  the  size  of  the  refrigerating  plant  considerably  over  the 
old  method,  and  at  the  same  time,  widens  the  field  covered  by  air 
conditioning  plants. 

The  cooling  of  the  water  is  done  either  by  immersing  the  cooling 
coils  in  water  and  baffling  the  latter  back  and  forth  over  the  coils, 
or  by  running  the  water  over  the  outside  of  the  cooling  coils.     The 
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first  method  is  very  useful  where  the  space  is  Hniited,  as  these 
coils  can  be  placed  in  the  collecting  pan.  In  the  second  method 
the  cooling  of  the  water  is  accomplished  by  allowing  it  to  pass  over 
a  series  of  pipes  arranged  vertically,  these  coils  being  called  Bau- 
delot  coils.  These  coils  have  been  used  for  many  years  in  breweries 
for  cooling  work.  The  cooling  medium  inside  the  coils  is  either 
brine  or  direct  expansion  ammonia ;  the  latter  is  universally  used 
now,  as  it  is  more  economical  than  brine,  because  the  refrigeration 
is  imparted  directly  to  the  water  instead  of  through  an  intervening 
medium,  the  heat  losses  in  the  latter  thus  being  entirely  eliminated. 
The  water  to  be  cooled  is  run  from  a  distributing  trough  at  the 
top  of  the  cooler  and  passes  down  over  the  pipes.  In  arranging 
humidifying  apparatus  for  the  use  of  Baudelot  coils,  care  should 
be  taken  to  give  as  much  height  as  possible  to  the  coils,  rather  than 
width,  as  the  water  is  passed  over  the  coils  a  greater  distance,  per- 
mitting a  higher  suction  pressure  on  the  ice  machine  and  in  conse- 
quence a  greater  cooling  capacity  for  the  machine. 

The  water  thus  cooled  is  then  passed  through  the  spraying  devices. 
Right  here  the  matter  of  the  space  occupied  by  the  Baudelot  cooler 
might  be  of  interest.  It  has  been  our  experience  that  not  less  than 
eight  pipes  in  height  should  be  used  for  such  a  cooler,  taking  up  a 
vertical  height  of  about  '^y^  ft.  Where  ]:)Ossible  I  should  recommend 
12  pipes  in  height,  taking  up  a  vertical  height  of  about  -{■}/[  ft.  In 
designing  a  j)lant  of  this  character,  sufficient  headroom  should  be 
provided  for  the  Baudelot  cooler;  and  about  6 J/  ft.  clear  height 
will  give  room  for  the  above  Baudelot  cooler,  and  make  the  same 
accessible. 

As  to  the  size  of  a  Baudelot  cooler,  this  will  depend  on  the 
design  of  the  apparatus  to  which  it  is  applied,  and  the  special  con- 
ditions to  be  met,  but  we  have  found  that  a  cooler  consisting  of 
four  banks,  each  bank  12  pipes  high  by  12  ft.  long,  will  take  care 
of  100  gal.  of  water  per  min.  through  10  deg.  range  of  temperature, 
in  an  economical  manner.  The  temperature  of  the  water  to  be 
cooled  varies  according  to  the  work  to  be  done  and  the  design 
of  the  humidifying  apparatus,  but  for  ordinary  purposes  the  tem- 
peratures of  the  water  required  are  from  55  to  45  deg.  fahr.,  al- 
though some  plants  require  the  water  as  low  as  38  deg.  fahr. 

There  are  two  methods  of  applying  ammonia  refrigeration — the 
compression  system  and  the  absorption  system  ;  the  former  accom- 
plishes its  work  by  the  compression  of  the  refrigerating  gas  with 
a  compressor  mechanically  operated,  while  the  latter  operates  by 
the   application   of   external   heat   to   a   mixture   of   ammonia   and 
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water.  The  principal  refrigerant  that  is  used  to-day  is  anhydrous 
ammonia,  which  is  pure  NH3  gas,  absolutely  free  of  all  water. 
About  08  per  cent  of  the  successful  compression  systems,  use  anhy- 
drous ammonia,  the  balance  using  carbon  dioxide,  sulphur  dioxide, 
etc. 

Mechanical  refrigeration  is  produced  primarily  by  the  evapora- 
tion of  a  volatile  liquid  which  will  vaporize  at  a  low  temperature. 
By  means  of  special  apparatus  which  will  be  later  described  the 
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intensity  and  desired  amount  of  refrigeration  are  entirel\-  under 
the  control  of  the  operator.  The  simplest  form  of  apparatus  con- 
sists of  three  principal  parts :  — 

First :  The  evaporator  or  congealer  in  which  the  volatile  liquid  is 
vaporized. 

Second :  The  combined  suction  and  pressure  pumps  which  as- 
pirates or  lifts  the  gas  which  is  created,  from  the  evaporator 
as  fast  as  it  is  formed  and  compresses  it. 

Third :  The  liquefier,  or  condenser,  into  which  this  gas  is  dis- 
charged by  the  compressor  pump,  where  under  the  combined 
action  of  the  pump  pressure  and  cold  condenser,  the  vapor  is 
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reconverted  into  a  liquid,  to  be  taken  up  and  used  again   in 

the  evaporator. 
In  more  definite  terms,  therefore,  the  evaporator  is  a  room  to  be 
refrigerated,  a  tank  of  water  to  be  cooled,  or  a  can  of  water  to  be 
frozen.  We  are  all.  no  doubt,  more  familiar  with  this  end  of  a 
refrigerating  plant  than  the  other  two  parts,  as  the  problem  pre- 
sented to  the  heating  and  ventilating  engineer  will  ask  for  the  cool- 
ing of  a  certain  quantity  of  water  in  a  humidifier  in  a  specified  time, 
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or  to  cool  a  certain  amount  of  drinking  water  per  hour,  or  perhaps 
furnish  a  certain  quantity  of  ice  per  day. 

Referring  to  the  various  types  of  compressors,  the  closed  type  of 
machine  with  crank  pin  operating  in  a  crank  case  filled  with  oil, 
takes  care  of  the  lubrication  question  better  than  the  open  type  of 
machine,  but  it  has  many  disadvantages,  among  which  may  be 
mentioned  its  inaccessibility.  The  suction  valve,  for  instance,  is 
very  often  in  the  piston,  and  to  get  at  this,  it  is  necessar)^  to  prac- 
tically tear  the  machine  apart.  Then  again,  the  splashing  of  the 
crank  pin  in  the  oil  causes  large  quantities  of  oil  to  be  sucked  up 
by  the  piston  and  discharged  out  through  the  system,  coating  the 


Refrigeration  in  Air  Conditioning 


675 


inside  of  the  refrigerating  pipes  or  Baudelot  cooler  and  preventing 
the  transfer  of  the  heat.  The  oil  acts  as  an  insulator,  and  if  it 
happens  to  have  a  little  paraffine  in  it,  as  many  oils  have,  it  will 
solidify  itself  on  the  inside  of  the  pipe  and  the  coils  will  be  rendered 
practically  useless. 

The  vertical  enclosed  type  of  machine  is  very  often  operated  at 
high  speed.  This  is  a  decidedly  uneconomical  practice  for  any  ma- 
chine operating  with  a  poppet  valve,  as  all  ammonia  compressors 
are.  The  faster  the  valve  opens  and  closes,  the  more  the  loss  in 
leakage  of  gas  through  the  valves,  and  the  greater  the  loss  in  efifi- 
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ciency.  In  addition  the  life  of  the  compressor  is  shortened,  due 
to  the  added  wear  and  tear.  It  is  the  old  story  of  giving  more 
capacity  by  running  up  the  speed  of  the  machine,  but  sacrificing  the 
economy  and  life  of  the  apparatus.  It  is  my  opinion  that  100 
r.p.m.  is  the  maximum  speed  that  should  be  used  in  the  smaller 
machines  and  that  the  speed  should  be  kept  down  to  as  low  as  50 
r.p.m.  in  the  larger  capacity  compressors.  These  speeds  will  mean 
longer  life  to  all  parts  of  the  machines  including  the  valves  them- 
selves, and  a  great  saving  in  power  for  each  ton  of  refrigeration. 

The  refrigerating  capacity  of  a  compressor  is  dependent  on  the 
head  and  suction  pressures,  under  wliich  it  operates ;  in  other  words, 
a  compressor  operating  under  30  lb.  suction  pressure  will  give  con- 
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siderably  more  refrigerating  capacity  than  the  same  machine  oper- 
ating mider  15  lb.  suction  pressure.  The  work  to  be  done 
determines  the  suction  pressure.  For  humidifying  work,  the  back 
pressures  will  range  from  25  to  40  lb. — the  higher  the  temperature  of 
the  water,  the  higher  the  resulting  back  pressure.  It  can  be  seen 
therefore  that  piston  displacement  is  not  the  only  measurement  of 
the  capacity  of  a  compressor. 

At  15.8  lb.  suction  pressure  and  180  lb.  head  pressure,  we  usually 
figure  7500  cu.  in.  displacement  per  minute,  per  ton  refrigeration. 
As  to  the  desirable  speeds,  the  following  table  gives  our  idea  of  the 
proper  speed  of  compressors  : 

speed,  r.p.ux, 

100 
90 

80 
70 
60 
50 

In  the  horizontal  open  type  compressor,  the  valves  are  accessible, 
the  shaft  is  straight  without  any  offsets,  the  lubrication  is  provided 
for  by  means  of  sight  feed  oil  cups,  and  while  this  method  is  eco- 
nomical in  the  use  of  oil,  it  is  one  which  requires  a  little  attention. 
Of  course  it  is  always  a  great  question  whether  a  piece  of  any  kind 
of  machinery  should  not  be  looked  after  once  in  a  while,  and 
whether  in  leaving  the  lubrication  to  take  care  of  itself,  something 
else  is  not  neglected  at  the  same  time. 

The  horizontal  open  type  of  compressor  further  commends  itself 
on  account  of  operating  on  both  ends  of  the  cylinder,  thus  getting 
an  even  operation,  with  the  friction  of  only  one  crank  pin,  one 
wrist  pin,  one  crosshead,  one  piston  rod,  and  one  piston  to  accom- 
plish the  same  work  done  by  double  the  number  of  parts  in  the 
vertical  enclosed  compressor,  which  only  operates  single-action  and 
compresses  once  on  each  revolution  of  the  shaft. 

The  construction  of  the  suction  and  discharge  valve  with  renew- 
able seats  and  steel  bodies,  gives  an  absolutely  safe  valve  for  use 
in  an  ammonia  compressor.  The  use  of  any  cast-iron  or  so-called 
semi  steel  in  the  valves  or  parts  of  valves  cannot  be  too  strongly 
condemned,  as  many  a  compressor  has  been  completely  wrecked 
from  some  piece  of  cast-iron  falling  into  the  cylinder  and  the  pis- 
ton coming  against  the  broken  part  and  forcing  the  head  oft"  and 
generally  wrecking  all  parts  of  the  machine.     The   suction   valve 
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should  always  be  provided  with  additional  safety  collar  to  prevent 
any  part   from   falling  into  the  cylinder. 

In  taking  up  the  method  of  condensing  the  ammonia,  there  are 
the  double  pipe  condenser,  the  atmospheric  condenser,  and  the  shell 
condenser.  The  double  pipe  condenser  consists  of  two  concentric 
pipes,  the  inner  one  containing  water  and  the  outer  one  carrying 
the  ammonia.  Special  arrangements  are  made  for  cleaning  the 
water  pipes  easily.  The  ammonia  is  condensed  into  a  liquid  in 
the  lower  nines,  the  coldest  water  coming  in  contact  with  the 
liquid,  and   making  a  very  efficient   way  of   condensmg  ammonia. 


FIG.  4. 


A  DESIGN  OF  .SUCTION  AND  DISCHARGE  VALXES  WITH  RENEWABLE 
SE.\TS   AND   BODIES 


This  tyjje  of  condenser  can  De  used  on  any  kind  of  plant,  and  is 
especially  adapted  for  use  in  confined  areas  like  hotels,  apart- 
ment houses,  ofifice  buildings,  etc.  It  also  affords  facilities  for 
forcing  the  condensing  water  through  the  condenser  to  any  desired 
place  like  a  house  tank,  or  suction  tank,  or  to  the  sewer,  where 
the  sewer  is  higher  than  the  condenser. 

The  atmospheric  condenser  consists  of  a  single  set  of  pipes,  the 
water  running  over  the  outside  and  the  ammonia  passing  through 
the  inside.  This  type  of  condenser  can  only  be  used  in  open 
places,  like  the  roofs  of  buildings,  or  in  yards.  This  type  of  con- 
denser takes  uj)  consiclera])ly  more  space  than  the  same  capacity'  of 
double  pipe  condenser. 
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The  shell  condenser  consists  of  a  tank  of  water  in  which  is  im- 
mersed a  spiral  coil  through  which  the  ammonia  passes.  The 
great  inaccessibility  of  this  type  of  condenser  makes  it  undesirable, 
it  being  practically  impossible  to  keep  the  condenser  clean.  This 
condenser  is  very  seldom  used  any  more. 

In  applying  the  refrigeration  to  an  ice  making  tank,  there  is  one 
type  of  tank  that'  is  fitted  with  coils  inside  in  which  the  ammonia 
is  expanded.  The  brine  surrounds  the  coils  and  the  ice  cans  are 
immersed  in  the  brine.  An  agitator  circulates  the  brine  around  the 
cans. 

Another  type  is  the  shell  cooler  in  which  the  brine  is  driven  by 
the  agitator  through  a  shell  cooler  where  the  ammonia  is  expanded. 
The  cooler  is  like  a  vertical  boiler  lying  horizontally.  The  ammonia 
is  on  the  inside  of  the  cooler  and  the  brine  is  around  the  outside 
of  the  shell  and  goes  through  the' tubes.  The  ice  cans  are,  of 
course,  immersed  in  the  brine.  Still  another  type  of  ice  making 
tank  is  one  in  which  the  brine  is  cooled  in  a  cooler  entirely  inde- 
pendent of  the  tank  and  the  brine  is  circulated  by  a  pump  through 
the  tank. 

Any  of  these  types  of  ice  making  are  good,  and  each  has  its 
advantages,  which  can  only  be  determined  by  the  refrigerating 
engineer  after  studying  all  the  conditions.  The  methods  of  getting 
clear  ice  are  also  many,  but  the  use  of  distilled  water  or  filtered 
raw  water  with  air  blown  into  it,  are  the  principal  ones  in  use  at 
the  present  time. 

In  the  distilling  system  the  water  is  condensed  from  steam, 
reboiled,  filtered,  cooled  and  filled  into  the  cans.  In  the  raw  water 
system  the  water  is  put  in  the  cans  and  air  is  blown  into  the  water 
while  it  is  freezing.  This  method  is  also  used  where  the  ice  is 
frozen  in  large  blocks  on  plates  or  pipes,  and  is  known  as  plate  ice. 

The  science  of  refrigeration  has  made  rapid  progress  in  recent 
years  and  its  application  has  been  made  successfully  to  many  indus- 
tries, revolutionizing  many  of  them,  and  it  has  been  the  use  of 
refrigeration,  which  has  to  my  mind  more  than  anything  else,  made 
possible  the  concentration  of  large  groups  of  people  in  cities  by 
preserving  the  food-stufl's,  milk,  etc.,  until  suoli  times  as  they  can 
be  delivered  to  the  iiMi<iini(T< 


ERRATA 


To  THE  Secretary: 


In  Vol.  XXII  of  the  Transactions  of  The  American  Society  of 
Heating  and  Ventilating  Engineers,  page  492,  an  error  of 
editing  has  changed  the  old  Baldwin  formula,  so  that  the  amount 
of  heating  surface  found  by  the  rule,  would  be  but  one-half  what 
was  intended.  On  the  fifth  line  of  the  quotation  the  words  "one- 
half"  should  read  one. 

This  would  probably  be  apparent  to  any  one  who  reads  and 
studies  the  matter  carefully,  but  to  one  who  does  not,  a  serious 
error  would  be  made ;  giving  only  one-half  the  heating  surface 
intended. 

What  is  intended  is :  that  a  square  foot  of  glass,  or  a  square 
yard  of  wall  (the  equivalent  of  a  square  foot  of  glass),  will  have  50 
per  cent  or  75  per  cent  or  125  per  cent  of  radiation  placed  against 
it.  as  tJ\c  7i'ariiiing  factor. 

The  glass  (or  the  equivalent  wall)  is  the  cooling  factor  and  the 
radiator  the  wanning  factor. 

According  to  the  original  conception  of  the  rule,  49  per  cent  of 
a  square  foot  of  radiation  will  offset  the  cooling  of  one  square 
foot  of  glass,  the  condition  outside  being  zero  and  the  condition  of 
the  room,  70  deg.   fahr. 

When  the  49  per  cent  (or  the  50  per  cent)  is  increased  to  75 
per  cent  or  more,  the  increase  is  usually  enough  to  take  care  of 
the  air  leakages  and  other  accidentals.  If  it  is  not  enough,  increase 
percentage ! 

Window  shades,  curtains,  tapestries  and  other  household  condi- 
ditions  will  modify  the  size  of  the  radiator. 

It  is  better  to  err  on  the  side  of  over-heating  than  under-heating, 
but  it  is  pretty  well  established  that  for  ordinary  residential  pur- 
poses, 80  to  85  per  cent  will  prove  ample. 

Wm.  J.  Baldwin. 
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